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V.I.Grischenk o, E . I . Obozn ay a- Pechenezhskaya , 
[E.Ya.PankoTl 

RENEWAL OF BIOLOGICAL STRUCTURES AND FUNCTIONS 
WITH THE HELP OF LOW TEMPERATURES AND CRYO- 
PRESERVATION - A NEW TREND IN BIOLOGY AND MEDICINE 

Cold is known either to preserve or damage biological systems. But is the action of cold capable of 
triggering genetically programmed favorable changes (renewal) in biological systems? This problem 
received poor attention in the literature. However, a current state of ecology, a rise in the rate of diseases 
and lethality testifies to its urgent nature. The authors produce new competitive technologies of increasing 
transplantability of hemopoietic cells, fertilizing ability of spermatozoa, efficiency of treatment of hypoxic, 
comatose and post-irradiation states of the organism and new methods of their diagnostics. 

Biological systems may be preserved in viable states with the help of low 
temperatures and preservation. However, in recent years the original level of the 
biosystem cannot be used as a standard of its quality due to ecologic, radiation and 
other environmental events. The problem of survival of mankind thus urged the 
development of the new trend in biology and medicine - cryobiology of renewal, 
which deals with the mechanisms of irreversible favorable changes (renewal) in 
biological structure and functions with the help of low temperatures. 

The idea of the qualitative renewal of the cryopreserved biosystems was 
strongly supported by A.M.Utevsky, biochemist and cryobiologist widely known 
both in the Ukraine and abroad. The basic principles of the cryobiology of renewal 
were closely related to his own research activity. Cry ©preservation, as claimed by 
A.M.Utevsky, is a qualitatively new phenomenon, which is characterized not by 
pre-formation and return to the origin, a transition not from the inanimate to the 
living state, but from a specific state of the limited functional ability to polyfunc- 
tional vital activity. 

The development of the basic principles of cryobiology was preceded by a 
long-term stage of the elaboration of the methods of identifying vital activity of the 
cells and diagnosis of the pathologic states of the organism, which are currently 
protected by more than 40 inventor's certificates. A new trend in cryocytophysiol- 
ogy of the cell - study of the interrelated intracellular structures and functions - 
has been launched. Experimental and theoretical R&Ds of the authors underwent 
clinical trials and were introduced into clinical practice in 15 medical estab- 
lishments of the cities of Kharkov, Poltava, Lvov and Petropavlovsk. The above was 
completely disclosed in the monography "Cytochemistry of the frozen cell" {31 
and atlas "Cytochemistry of the bone marrow during cryopreservation" 12], as 
well as in the article "Qualitative renewal of the cell properties after cryopreserva- 
tion" UJ. 

Given below is a brief description of the basic R&Ds of the authors, dealing 
with the early prc-clinical diagnostics of the comatose, hypoxic and post-irradia- 
tion states of the organism, which are not identified by routine methods, and the 
ways of their treatment. For instance, the formula of the closed author's certificates 
N91329352 (E.LOboznaya, 1987) and N<?1822761 (S.I.Loginov, E.I.Oboznaya, 
1992) describes the methods of the early pre-clinical diagnostics of the patients 
with ischemic, hemorrhagic and post-irradiation pathologies with the aim of their 
timely treatment, as well as reanimation measures to force the patient out of the 
comatose state, the duration of which was subsequently shortened by 3-5 days on 
average. 

ISSN 0233-7673. PROBLEMS OF CRYOBIOLOGY. 1 995. N?4 3 



Copyrighted rr 



One of the tasks of cryobiology of renewal is development of new technological 
processes, capable of transferring biosystems to a qualitatively new level of 
homeostasis. There are several approaches to its solution, namely: (i) transfer of 
XA-genes, which induce heterosis effect, and genes of the antifreeze proteins; (ii) 
induction of micromutations and cryohybrids with heterosis effect; (iii) activation 
of the energy-forming and other systems in the stationary kinetics of biochemical 
responses. Currently theoretical and practical bases for these research have been 
developed. For instance, the expression of the XA-genes was found to take place at 
the level of transcription, not to be stimulated and induced by thermal stress, aqua 
shock or injury [7 ]. Expression of the XA-genes at -4 °C is coordinated and exer- 
cised at the level of transcription. The genes, the expression of which is induced at 
low temperatures (Kondo K., Inouye M., 1991), were identified in the yeast Sac- 
charomyces cerevisiae by a method of differential hybridization. The analysis of 
the sprouts of in vitro translation of poly (A) + RNA, isolated from various plant 
tissues, testifies to a transspecific expression of genes, induced by low tempera- 
tures (Danyluk J., Sarhan F., 1990). It is believed that development of freeze- 
tolerance is associated with the expression of specific genes, regulated at the level 
of transcription. Cold hardiness of wheat, for example, is controlled over by 2 loci 
of a 5A chromosome (8 |. One locus, which partially controls cold hardiness, is 
closely linked with the locus, responsible for the length of the leaves. The authors 
suppose that the other locus is closely connected with a V r nl, providing for the way 
of living. This locus may partially control a rosette-like type of the bush. It was 
assumed that a V m l gene is dependent on the. temperature and represents, to some 
extent, a triggering mechanism of vcrnalizatipn, cold hardiness and development 
of a rosette-like type of the bush. In other words, a Vml gene may encode the syn- 
thesis of proteins, which are resistant to low temperature. A gene of the wheat resis- 
tance to low positive temperatures (Whelan E.D.P., 1991) was isolated. This gene 
is predominant and localized on a short shoulder of a 6 D Chinese spring 
chromosome. Molecular cloning was conducted, and the new genes were charac- 
terized, which are responsible for the cold hardiness in rice (Bink Le Tran, Oono 
Klyohary, 1992). In natural environment most of 40 genes of the antifreeze 
proteins, isolated from fish oviducts, reside in the sections of DNA with the length 
of 708 pairs of bases, alternating as tandemly direct repetitions 19 J. Every repeti- 
tion contains a single gene of the antifreeze protein with the length of lxlO 3 pairs 
of bases, and transcription orientation is similar to that of other genes. It was found 
that genes of the antifreeze proteins are tandemly connected and grouped in the 
flat-fish genome. A study of the genome organization showed that formation of the 
antifreeze polypeptides relates to the family of genes, which appeared later in the 
process of evolution, as compared with the rest of the genome (Shidio Sond et al., 
1987) . The authors also observed the expression of the cold shock proteins (CSP) , 
which is encoded by specific genes: the synthesis of 14 proteins increases in E.coli 
during low temperature stress, while the synthesis of the thermal stress proteins is 
rapidly reduced (Van Bogelen et al., 1992). A subunit A of the DNA-gyrase is a 
cold shock protein, and it goes on synthesizing after a transfer of the growing cul- 
tures E.coli from 37 C to 10 °C (Jones Pamela G. et al., 1992). A hns gene, which 
is positioned on 27 min of the E.coli chromosome and which encodes a H-NS 
nucleotide protein with a dimension of 15.4 kD, was found to belong to the 
regulators of the cold shock (Anna La Teana et al., 1991). The authors 
demonstrated the influence of the low positive temperatures on the inheritance of 
the duration of the life period of the D.Melanogasler mature species (Gonemura 
Isamu, 1990). When varying the temperature in the range of 17-27 °C the 
autosomic alleles Al and A2 of the duration of the life period exhibited major ef- 
fects: prolongation of the life period with the lowering of temperature. Sex-bound 
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alleles of the duration of the life period Xi and X2 are of secondary importance in 
their effect on the life period duration. The genes of resistance to low (12 °C) 
temperature were studied in the groups of Poecilia reticulata with respect to the 
sex-bound inheritance (Fujio, 1990). It was assumed that the allele of resistance 
(R) to low temperature is predominant with respect to the allele of susceptibility 
(t) ; here a R2 gene, apparently, is linked with a sex X-chromosome. It was reported 
that the level of expression of R2 gene experiences a severe environmental 
(physiological) control, thus providing for a considerable differentiation of its 
manifestation in various lines of the groups, supported by other researches: the 
duration of the incubation life period of the winter flat-fish relates to the tempera- 
ture of development and parental action by 93 and 3%, respectively (Chambers 
D.Ch., Leggett W.C., 1989). The authors also observed a high inheritance of the 
resistance to low negative temperatures (0, -1 , -8 °C) in young sprouts of rice 
(Morishima, Hiroko et al., 1991) and clover (Garadua S.R. et al., 1990). The 
authors believe a transfer of the XA-genes may increase frost resistance and yield 
capacity of plants. A method of transfer of the antifreeze protein genes may in- 
crease cold resistance of some fish. 

Induction of cryomutations and cryohybrides with a heterosis effect. The 
authors demonstrated that application of particular modes of cryopreservation of 
hemopoietic cells at -196 °C permits to purposefully alter morphofunctional 
properties and obtain mutants with a heterosis effect (E.I.Oboznaya, O..Markova, 
1979). The mutant megakaryocytic forms of the cryopreserved bone marrow were 
identified. The latter are characterized by a rise in the metabolically active zone, 
described by M.I.Korenevskaya et al. (1982), which is used for construction of a 
polysaccharide membrane components of future platelets and intensification of 
platelet separation. Five-ten years later the heterosis effect, induced by cryocool- 
ing, was reported by other authors. It was found that particular modes of treatment 
of yeast microorganisms with supralow temperatures (— 180-i — 190 °C) make it pos- 
sible to purposefully alter morphofunctional properties and to obtain mutants with 
the useful biochemical and technological properties (C.Ts.Kotenko et al., 1984). A 
biologically active yeast strain (M- 1 2x) with the altered and increased morphology 
was isolated, which is capable of fermentation at relatively low (-11+- 12 °C) 
temperatures, improving the quality of wine materials due to a higher synthesis of 
endogenous antioxidants, lower synthesis of aldehydes and volatile acids. A 
heterosis cryohybrid of the German carp and wild carp was bred, characterized by 
a growth rate, which is by 2-fold higher as compared with parental forms 
(E.F.Kopeika et al., 1990). The genes, affecting the heterosis effect, were local- 
ized. The greatest contribution into a heterosis effect of the cold mutant strain 
D.melanogaster (higher reproductive ability) was made by a chromosome 3, then 
comes 2, 1 (Guerra D., Cavicchi, 1984). Similar experiments may be conducted 
using various biological systems owing to the greatest discovery, made by 
geneticists. A certain universal nature of the code was confirmed. It was shown that 
similar triplets encode similar amino acids in the cell-free systems of various or- 
ganisms (bacteria, mammalian cells). This code turned out to be universal for 
viruses, algae and sea urchin. Human genes represent various sequences of one and 
the same four letters of the "genetic ABC", which comprise the genes of fish, 
cereals, bacteria and yeasts, namely: adenosine, cytosine, guanine, thymine. 

Activation of energy-generating and other systems in the time course of station- 
ary kinetics of biochemical responses. The authors investigated the mechanism of 
cryoinjury, in which a leading role is played by the outflow of a cytochrome c out 
of the mitochondria and reduction in the activity of the respiratory enzymes 
(E.I.Oboznaya, O.P.Markova, 1976). Ten-twenty years later the data were sup- 
ported by other authors (Mory Yokietal., 1986; A.Yu.Petrenko, 1993). It is known 
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that the bulk of the energy of biological oxidation is released as a result of the 
responses, catalysed by the cytochrome system, and reserved (stand-by) 
capabilities of the respiratory enzymes are very high. Under physiological condi- 
tions cytochrome oxidase manifests only 5% of the maximum catalytic activity. 
Activation of the energy-generating system in the time course of the stationary 
kinetics is possible due to the existence of two forms of the respiratory chain - 
activated and inactivated, which are transformed into one another, and the ratio 
between which is regulated by the concentration of oxygen in the medium or by the 
amount of the cytochrome c in the cell. The early lack of these substances results 
in the activation of the energy-generating systems. This state becomes highly 
stable when the mode of the deficit of oxygen or cytochrome c is repeated several 
times. Activation of the enzymes of the respiratory chain, which provides for a high 
rate of the electron transport (Atkinson D.E., 1968; E.M.Khvatova et al., 1977), 
serves as the molecular basis for a rise in the bioenergetic activity of the 
mitochondria. The development of the activated form of the respiratory chain may 
result from the change in its conformation during transfer of electrons. Using a 
kinetic model the authors confirmed the transfer of electrons along the respiratory 
chain to be accompanied by the development of a more compact form of the latter, 
which is characterized by a rise in the resistance to lytic factors (V.V.Kupruyanov 
et al., 1974). The experiments conducted have shown that a short-term response 
of the rat liver mitochondria during cold exposure (2-4 °C) involves a rise in the 
concentration of the cytochromes or acceleration of their synthesis, or slowing 
down of their decay (E.I.Mokhova, I.V.Zhigacheva, 1977). As the cold grows 
deeper, a rise in the cytochromes increases the oxidative exchange, thus resulting 
in the intensification of the mitochondriogenesis. After one month of cold exposure 
the concentration of the cytochromes increases, and the mitochondria with the new 
properties are developed. This provides for a stable acceleration of the rate of 
oxygen consumption by the liver. 

Thus, the authors present a theoretic and experimental substantiation of the 
renewal of biological structures and functions by means of activating the energy- 
generating systems in the stationary time course of kinetics for the electron trans- 
fer, which underlies the authors' development of the new technologies of increasing 
the quality of cryopreserved animal and plant biosystems. According to the claim 
of the patent N 1441504 of the Russian Federation (E.I.Oboznaya, A.B.Savchik, 
1994) thecells of the bone marrowand embryonic liver, recovered after cry ©preser- 
vation at 4 °C, exceed the control levels as to the activity of the succinate 
dehydrogenase (SDG) by 2- and 3-fold, respectively. The SDG activity of the 
cryopreserved hemopoietic cells, harvested from mature donors, is maintained up 
to 10 days (1 day in control) ; when the donors were embryonic, this was as high as 
21 days (2 days in control) . The data were clinically supported: the acute period of 
the irradiation disease following transplantation of the cryopreserved bone marrow 
of mature and immature mice is survived by 36 and 64% of animals as compared 
with 32 and 54% in control (V.I.Strona, 1978; LP.Ignasheva et al., 1982; 
A.N.Goltsev, A.A.Tsutsayeva, 1984), and 72% against 29% (L.I.Simonova, 
1969). The authors believe that a high clinical efficiency of the hemopoietic cells, 
harvested from embryos and mice, is due to their following morphofunctional fea- 
tures: (i) imperfection of the intracellular immune components, due to which the 
secondary disease either does notoccur at all, or is developed much less actively at 
later terms. The hemopoietic cells, harvested from mature donors, are charac- 
terized by well developed immune components, thus facilitating the development 
of a "transplant versus host" response, which results in the death of the recipients; 
(ii) higher portion of the stem hemopoietic cells (SHC) and progenitor cells, which 
are capable of restoring hemopoiesis at earlier terms; (iii) predomination of the 
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erythroid cells in the myelogram (up to 90%), which are characterized by a 
glycolytic type of exchange. In the myelogram of hemopoietic cells, harvested from 
mature donors, the myeloid cells with the oxidative type of exchange are 
predominant, and the key enzymes of this exchange are easily injured during 
cryopreservation. Though macrophages are formed due to the glycolytic cycle, a 
persisting accumulation of the superoxidized products facilitates autolytic proces- 
ses, membrane lysis, death of the cell (necrosis) and death of the organism as a 
whole; (iv) production of hemoglobin of a fetal type (hemoglobin F), which differs 
from hemoglobin of a mature type (hemoglobin A) by a higher affinity to oxygen 
and the ability to bind it more effectively (G.I.Kozinets, E.D.Goldberg, 1982). 
Hence, hemopoietic cells of the immature donors experience lower formation of the 
superoxidized products, thus reducing and delaying necrosis; (v) availability of the 
megaloblastic path of hemopoiesis, which is characterized by accumulation of 
hemoglobin F, the advantages of which are given above; (vi) availability of the Be- 
ssis islands (aggregation of the erythroid cells around the macrophage). This 
phenomenon was duly studied. The investigations conducted showed that 34% of 
the cells, carrying a F4/8O marker of macrophages, express a EPO gene (Wght Ch. 
et al., 1989). It was concluded that in the normal hemopoiesis the macrophages 
activate the gene of erythropoietin, while erythropoietin effectively mobilizes SHC 
for their transplantations: experimental injection of erythropoietin (500 units/kg) 
to young pigs sharply increased the yield of SHC (Smith D.M. et al., 1993). The 
authors revealed the role of erythropoietin during low temperature exposure with 
respect to another type of the cell death - apoptosis (programmed death of cells). 
Cooling of the BWS 147 thymomic cells down to 0-2 °C visualized fragmentation of 
intranucleosomic DNA (Kruman J. et al., 1 992) . The experiments on in vitro injec- 
tion of 3 H-thymidine demonstrated ruptures in the DNA of the erythroid 
progenitor cells (Kounry M., Bondarant M., 1990). In the absence of 
erythropoietin the erythroid progenitor cells accumulated split-off fragments of 
DNA: in 2-4 hours they developed apoptosis features, and in 16 hours they died. 
In the presence of erythropoietin the ruptures in DNA were reduced by 2.7-fold, 
erythroid progenitor cells survived and were differentiated into reticulocytes. 
Thus, the revealed six morphofunctional distinguishing features of hemopoietic 
cells, harvested from immature donors, are mainly due to their ability to postpone 
necrosis and apoptosis, as well as to mobilize SHC for their transplantation. 

According to the formulae of the patent N 1822761 of the Russian Federation 
(S.I.Loginov, E.I.Oboznaya, 1994) and patent N 5225 of the Ukraine (S.I.Loginov, 
E.I.Oboznaya, 1995) (in teamwork with M.I.Kramar), it was found that after 2-3 
days of hypothermic storage of spermia the activity of SDG increased in the imma- 
ture and mature cells by 30 and 32%, respectively. A drawback of this technology 
is a stimulating effect of short duration. In cooperation with T.F.Stribul the authors 
managed to gain a stimulating effect of cryopreservation (-96 °C) at the stage of 
germination of seeds with a subsequent rise in the soy-bean plant biomass. The 
new technologies, which are currently developed by the authors, involve a principle 
of the programmable activation of the morphofunctional properties of the cooled 
and cryopreserved biosystems in the stationary time course of kinetics of biochemi- 
cal responses, thus providing for a higher level of homeostasis. 

At the beginning of 1995 the article "Cryobiology of renewal: facts and 
prospects" (E.I.Oboznaya-Pechenezhskaya, V.I.Grischenko, E.Ya.Pankov [4 ]) 
was forwarded for reviewing to independent foreign reviewers. The experts con- 
cluded that cryobiology of renewal is a promising trend in biology and nature, and 
is a prerogative of its authors. The results of their own investigations nicely fit a 
conceptual model of renewal by cold. For instance, V.l.Baschenko et al. (Russia, 
St.-Petersburg, Scientific-Research Lab of the Centre of Blood and Tissues of the 
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S.M.Kirov Military Medical Academy) , when studying the state of the supraspiral 
DNA of the "nucleotides" of the bone marrow cells, found a decondensing function 
of cryopreservation. Decondensation is known to involve constitutive genes and to 
provide for a possible realization of the mechanisms of the operon regulation, which 
underlie genetically programmed renewal. E.Siebzehnrubl (Germany, Erdangen- 
Nurenberg, Women Hospital of the School of Obstetrics) believes cryopreservation 
of the fertilized human oocytes increases probability of pregnancy development in 
the cycles of fertilization in vitro and when grafting embryos. E.J.Kendall (Canada, 
Institute of Plant Biotechnology) claims that development of frost hardiness in 
summer wheat plants is related to eight unique polypeptides (which he discovered 
by means of a biochemical analysis) and a higher level of sucrose. Terry 
D.Beacham (Canada, Pacific Biological Station), using 17 enzymatic systems, en- 
coded by 23 loci, found that survival of embryos and young off-spring of 
humpbacked salmon of male and female lines and their development at low 
temperatures (4 and 15 °C) do not relate to heterozygosity of the producers. In 
other words, temperature factor plays a leading, genetically programmable role in 
the process of survival of biosystems. A reviewer Charles Guy (USA, Florida, In- 
stitute of Crop and Agricultural Investigations) in his works gives a review of the 
data on genetic aspects of frost hardiness and cold adaptation (CA). Allan K.Har- 
dacre (New Zealand, Institute of Food Cultures) identified a genetically 
programmed variability in frost hardiness of maize sprouts. K.Ebine (Japan, 
Tokyo, Cardiological Centre) reported on a high resistance of cryopreserved 
hemopoietic cells to the virus of hepatitis: transfusion of unfrozen whole allogenic 
blood became the reason for the development of hepatitis in 1 3.7 % of cases (49 out 
of 357 patients), while after transfusion of the frozen allogenic blood 
posttransfusion hepatitis was not developed at all (0%). D.E.Pegg, Editor-in- 
Chief, Cryobiology, also gave a positive assessment of the hypothesis of a qualitative 
renewal of cryopreserved cells and tissues. A first step to cooperation was made. 
K.Ebine (Japan) offered to publish the article in question in the journal "Low 
Temperature Medicine" (LTM), of which he is the editor. Ernst Siebzehnrubl 
(Germany) became a subscriber to the journal "Problems of Cryobiology". Both of 
them produced a minor financial support to investigations in the field of cryobiol- 
ogy of renewal. 

There exist several paths of a qualitative renewal of biosystems using low and 
supralow temperatures. One of them is a rise in the potential statistical frost hardi- 
ness, since under natural conditions or when using agrotechnical factors it is not 
realized (E.M.Poltarev et al., 1991). Indeed, there were reported, e.g., an in- 
creased reparative ability and growth rate in the hybrids of the heterosis maize 
sprouts following exposure to supralow temperatures (-196 °C), though they did 
not demonstrate an increased cold hardiness (V.G.Shakhbazov et al., 1973). The 
kinetic investigations have shown that in the frost-resistant winter wheat the new 
proteins with a high molecular mass were found in 48 hours after the start of the 
cold treatment, i.e. long before they demonstrated a maximum resistance to frost 
(Abromeit Midori et al., 1992), which was supported in other systems: duration of 
the incubation of the winter flat-fish is determined by the temperature of develop- 
ment and parental influence by 93 and 3%, respectively (R.Chambers etal., 1989). 
When changing the temperature in the range of 17 to 27 °C the autosomic alleles of 
the life period duration (LPD) of mature D.Melanogaster Ai and A2 demonstrated 
the effect: prolongation of LPD with lowering of temperature (Y.Fujioet al., 1990). 
Sex-bound LPD alleles Xi and X2 play secondary roles in affecting the duration of 
life period. It is thought that a gene of resistance to low temperature (12 °C) is 
bound with a sex X-chromosome, and the level of its expression experiences a con- 
siderable environmental control. 
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Another trend in the qualitative renewal of biosystems is an increase in the 
resistance of biosystems to irradiation, induced by low and supralow temperatures: 
when the ovarian fibroblasts of the Chinese hamster and microorganisms were X- 
rayed, temperature lowering from 22 °C down to -196 °C resulted in the reduction 
of the chromosomal injuries and increased the cell survival by 3.5-fold [5 ]. A resis- 
tance to irradiation in lethal doses at -1 96 °C in the hemopoietic stem cells (CFU- 
S) was by 3.45-fold higher, and in the progenitors of the granulocyto-macrophagal 
cells (GM-CFU-C) of bone marrow - by 3.04-fold higher as compared with thenor- 
mothermic conditions (Liu Znobin, 1989). On the whole, at temperatures below 
-100 °C the mammalian cells become more resistant to cooling as compared with 
room temperature (22 °C). These data were supported in plant biosystems: in the 
first hours after irradiation, i.e. in the phase G2 at 34 °C a lot more Vicia Faba cells 
are injured as compared with 20 °C, and at 4 °C the amount of the cells with aber- 
rations is even smaller (N.N.Eliseyenko, M.V.Maksimova, 1975). A third trend 
involves a decrease in the occurrence of viral hepatitis using low and supralow 
temperatures (G.Echert, 1974; V.A.Agronenko et al., 1977; H.J.Altor, 1978, 
K.Ebine [6 ], etc.). 

Genetically programmed renewal of biological structures and functions with 
the help of low temperatures is a natural phenomenon: peroxidases from the tissues 
of the northern plants demonstrate maximum activity at the temperatures which 
are considerably lower than the temperature optimum for enzymes of the plants of 
other regions (V.G.Alekseyeva, 1990). 

The most important discovery of the leading role of low temperatures in the 
interlinked relations "genotype-environment" forces us to revise the early 
knowledge on the selective property of low temperatures, which were related solely 
to selection of resistant forms due to elimination of the irresistant ones. 
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B.i.rPHlMEHKO. E.i.0603HA-nEHEHEXCbKA, | E.H.nAHKOB| 

OEHOBJIEHHfl BiO/IOriHHMX CTPYKTYP I OYHKUil/l 3A AOflOMO- 
TOKD HM3bKMX TEMriEPATYP i KPiOKOHCEPBYBAHHfl - HOBMI/1 
HAnPflMOK B BiO/lOriT TA MEAHUMHi 

kcTHTyT npooVieM xpio6io;iorii i KpioMeflHUHHH HAH YicpaiHH, M.XapKiB 

BiflOMO, mo xonofl 36epirae a6o noiuicoflxcye 6ioo6'cKTH. Ajic hm mojkc xojioa bhkjihkstm 
pchctmmik) 3dnporp&MOBaHi cupnnT/inui 3Minn (oomoh.'ichhh ) b 6ioo6'eKTax? B jiiTepaTypi u.e npo&MSM 
Maftxce He o6roBOpK)Bajiacs. OanaK II axiyajibHic 1 1. npn cynacHOMy craHi eicanori!, 3pocTanni 
3axBOpK)BaHOCTi Ta CMepTHOcri o'jeBMflna. ABTopaMM npeacTa&neni iiOBi KOHKypeHTHocnpoMOKni 
TexHonoril niABHuieHHa TpancanaHTauifiHoI aaaTHOCTi reMonoeTH<i>mx kjiIthh, 3arutUoiioio<ioI 
3flaTHOCri cnepMaT03oi;uH, e<pCKTMBHOCTi jiiKyBaiiHsi rinoxcMMHHX, K0MaTO3HMX i nocrnpoMeneBMx 
ci.mii, opraHi3My Ta HOBi mctoah Ix fliamocTMKM. 

B.M.rPHlMEHKO. 3.M.0603HAH-nEHEHEXCKAfl. ^.^.tlAHKOB j 

OBHOB/1EHME BMO^OrMHECKHX CTPYKTYP M OYHKUM/1 C nO 
MOlUbK) HH3KUX TEMflEPATYP M KPHOKOHCEPBMPOBAHU^ - 
HOBOE HAHPAB/IEHUE B BMO/lOrMH \A MEflHUMHE 

HHCTHTyT npo6jieM xpHooHOJiorHH h k pnoMcjH nit h i.i HAH YKpaHHN, r.XapbKOB 

M3BecTHO, «ito xonoa coxpaHaeT mjim noBpe>KflaeT 6noof>beKTbi. Ho mojkct jih xonofl BW3BaTb 
reHeTMMCCKM 3anporpaMMMpoBaHHbie 6-naronpnaTHbie M3Mcnenna (o6HOBjienne) b 6Hoo&beKTax? B 
jiMTepaType 3Ta npo6.ncMa nouTM ne o6cy>Kflajiacb. OflHaxo ee aKTy&nbiiocrb npn coBpeMennoM 

COCTOSHMH 3K0J10rHM, B03paCTaHMH 3Jl6aneBaCMOCTM M CMepTHOCTM OMeBMfllia. ABTOpaMH 

npeAcraaneHbi hobmc KOiiKypeiiTHocnocoOHbie tcxhojiotom noBbiweHua TpancruianTauHOHHOH 
cnoco6HOCm rcMono3TM'iecKnx oeTOK, oanoaoTBopaiomeM cnocoOHOc™ cnepMaT030MaoB, 

3<p(peKTHBHOCTM ^CMdlMH rMnOKCM'ICCKHX, K0M8T03HbIX H flOCTJiyieBhlX COCTOflHHM Opra»IM3Ma M HOBbie 
MeTOflbl MX flHarHOCTHKH. 



UDC616.12:615 

L.N. Marchenko, G. A. Babiychuk, V . S . Marchenko, 
V.V.Lomako, A.V.Shilo, E.V.AItuyeva 

ON THE MECHANISM OF REGULATION OF PERMEABILITY 
OF BLOOD-BRAIN BARRIER OF THE COOLED BRAIN. 
Report 4. Ultrastructural peculiarities and functional 
activity of blood-brain barrier during rhythmic cold 
exposures 

The authors investigated the ultrastructure of the blood-brain barrier (BBB) and synaptic ap- 
paratus of rats during hypothermic treatment. They studied secretion, reception and permeability of BBB 
to monoamines. Rhythmic cold exposures were shown to increase by 3-4-fold the BBB permeability to 
3 H-norepinephrine, but not to H-serotonin. The electrongrams indicate that following cold exposures the 
synaptic apparatus is in the state of tension, while the endothelium of the microvessels demonstrate clatrin 
vesicles, and the processes of receptive transcytosis are activated. The neurotransmitter processes, which 
determine the BBB permeability, may be a trigger neurophysiological mechanism of changes in the central 
thermal regulation during hypothermic treatment. 

A study of the fine structure of the BBB elements of the thermoregulatory 
centers of hypothalamus and changes in its permeability to neuromediators during 
cold exposures seems to be urgent enough for solving the problems of cryobiology, 
related to the investigation of the role of the BBB in the mechanisms of maintenance 
of the temperature homeostasis in mammals. Still, a review of the literature on this 
matter testifies to the absence of complex studies of both physiological and 
ultrastructural characteristics of the BBB during hypothermia. Hence, the aim of 
the present study was to investigate the ultrastructural basis of the BBB per- 
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meability of the hypothalamic thermoregulatory centers to monoamines during 
rhythmic cold exposures. 

White male rats with the body weights of 180-200 g were used in experiments. 
Rhythmic cold stimulations of the caudal thermoreceptors (PPP) with the 1-sec 
duration and 0.1 Hz frequency (0.1 PPP) were conducted by means of cooling the 
tail of the animal in the iced (-5 °C) water in the automatical mode. The fine struc- 
ture and functional peculiarities of the BBB were studied in a mediopreoptical 
region of the anterior hypothalamus and mamillary and premamillary nuclei of the 
posterior department of hypothalamus. In different groups of animals the 0. 1 -PPP 
treatments were conducted for 20, 40, 60 and 80 min. The material for 
neurophysiological and electron-microscopic investigations was collected immedi- 
ately after closing the exposure, and in 6, 10, 14, 18 and 60 hours after treatment. 
The animals were narcotized by the intraperitoneal injections of the mixture of 
sodium thiopental and sodium oxibutyrate in a dose of 30 mg/kg and 100 mg/kg 
of the body weight, respectively. Heparin and iproniazidum were injected in- 
traperitoneally at a dose of 500 units and 1 mg per lOOg of the animal body weight, 
respectively. The blockade of a and /?-adrenoreceptors was induced by perfusion 
of ventriculus tertius by 2/*M of phentolamine solution and propanolol and in- 
traperitoneal injections at a dose of 1 mg per 100 g of the animal body weight. 
Heparin and iproniazidum were intraperitoneally injected at a dose of 500 units 
and 1 mg per 100 g of the animal body weight, respectively. A study of the secretion 
and permeability of the BBB of the brain to tritium labeled norepinephrine ( 3 H- 
NE) and serotonin ( H-ST) were performed by a radioisotope method using a 
push-pull cannula [2, 9 ]. The hypothalamic tissue was prepared for electron- 
microscopic investigations in a routine manner [5 1: use was made of the electron- 
dense markers - horse-radish peroxidase (according the method of Graham and 
Karnovsky [13 ]) and 2% -solution of lantane nitrate intravenously. 

Morphometric and stereometric analysis of the electron-microscopic 
photographs were conducted with a MORPHO-TOOLS computer system. The fol- 
lowing features were calculated: (i) the ratio of the mean area of the endothelial 
vesicles to the mean area of the cytoplasm of the endotheliocytes of the 
hypothalamic capillaries; (ii) the ratio of the mean length of the abluminal and 
luminal depressions to the mean length of the abluminal and luminal contours of 
the endotheliocytes; (iii) the ratio of the mean length of the microvilli to the mean 
length of the luminal contour of the endotheliocytes; (iv) the ratio of the mean area 
of the basal membrane to its mean perimeter; (v) the ratio of the mean area of the 
endotheliocytes to their mean perimeter; (vi) the ratio of mean length of the active 
zone of the synapses to the mean length of the synaptical contact. 

The electron-microscopic analysis of the studied samples testifies to the fact 
that the hypothalamus of the rat possesses a complex microscopical organization 
and it is represented by the nervous and glial cells with numerous processes, which 
form the neuropile, filled-in with a network of the terminal vessels. The vascular 
endothelium with the basal membrane and pericytes, as well as the processes of the 
astroglia, surrounding the capillaries, are currently believed to comprise a mor- 
phological basis of the blood-brain barrier [6, 8, 9 ). That is why the authors paid 
particular attention to the ultrastructural rearrangements in these very basic ele- 
ments of the BBB. 

It was found that already in 20 min after the start of 0.1 PPP there occur 
certain changes in the submicroscopic organization of the studied regions of 
hypothalamus, which testify to the activation of various groups of cells. A part of 
the neurons, residing in the vicinity of the blood vessels, demonstrate reactive al- 
terations: the saturation of the matrix and many organelles increases, a Golgi com- 
plex is saturated, resulting in the formation of the bubbles and granules, and there 
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Fig. 1 . Active synapses in the anterior department 
of the rat hypothalamus (40 min of 0.1 PPP), 
X40000: C - presynaptic bud with synaptic bub- 
bles, IlC - postsynaptic bud, A - active zone of 
synaptic contact 



appear lysosomes (frequently their 
shapes are irregular) and numerous 
mitochondria and ribosomes. The 
synaptic apparatus is in the state of the 
increased functional pressure: the 
synaptic bubbles in many synapses ag- 
glutinate with one another and fuse with 
the synaptic membrane, and their 
amount is subsequently reduced; the ex- 
tent and electron density of the zone of 
the synaptic contacts increase, and the 
mean length of the active zone is raised 
(Table 1, Fig. 1, 4). It should be noted 
that the disclosed alterations in the fine 
structure of the neurons are most vividly 



manifested in the mediopreoptical region of the anterior hypothalamus (as com- 
pared with the posterior one) , in the region of which nervous cells are known to be 
located, which are activated during temperature exposures [3 ]. Thus the disclosed 
reactive alterations of the part of the neurons may indirectly support their belong- 
ing to the pool of thermocompetent cells. 

Table 1 

Morphometric analysts of the electron microphotographs of the synapses of the anterior 
department of hypothalamus of rats during 0.1 PPP 



Objects of investigations 



Cont- I Time of exposure, min 



Time after exposure, h 





rol 


20 


40 60 6 


10 


14 


18 


60 


Relative length of the 
active zone of the synapse 


0.4± 
0.04 


0.6± 
0.03 


0.55 ± 
0.04 


0.5± 
0.03 


0.49± 
0.04 


0.41 ± 
0.03 


0.39± 
0.04 


0.4± 
0.03 


0.4± 
0.06 


Amount of the 
postsynaptic bubbles 
Amount of the active 
synapses, % 


65±5 
55±5 


28±4 
90±9 


33±4 
80 ±7 


40±5 
76±8 


38±5 
74±7 


60±6 
55±6 


64 ±6 
57±6 


66 ±7 
58 ±6 


65±5 
55±7 



Rhythmic cold exposures exercise a strong action on the fine structure of the 
astroglia, especially with respect to the processes of the astrocytes, surrounding the 
terminal vessels. In 20 min after the start of the exposure the electron density of 
the terminal limbs is reduced, which to some extent resembles edema, disappear- 
ing by the 80th min of exposure (Fig. 2). Many researchers believe that it is just 

astrocytes which facilitate maintenance of a 
particular ultrastructural organization in the 
endothelial cells of the brain capillaries, 
which provide for the BBB functioning. It is 
supposed that the astrocytic glia induces for- 
mation of dense contacts, specific enzymes of 
the BBB, and inhibits pinocytosts, formation 
of the endothelial channels and fenestration 
[8, 14]. If it is indeed so then the reported 
reactive changes in the astrocytes during OA 
PPP should result in the corresponding rear- 
rangements in all the basic ultrastructural 
elements of the BBB. 

Indeed, the most prominent changes 
are identified in the fine structure of the en- 
dotheliocytes, their dense contacts and the 
basal membrane, which surrounds the ves- 
sel. By the 20th min of exposure the relative 




Fig. 2. Pinocy tic vesicles (arrows) , containing 
horse radish peroxidase, in the cytoplasm of 
the endotheliocyle 0) of the capillary of the 
mediopreoptical region of the* anterior 
hypothalamus of the rat (60 min of 0. 1 PPP) . 
X60000: EM - basal membrane, OA - 
astrocyte processes, 3P - erythrocyte in the 
capillary lumen 
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area of the basal membrane is significantly (by 3-3.5-fold) reduced. By the 40- 
60th min this index increases, being by 30-40% below the normal level. It should 
be noted that in the capillaries of the anterior department of hypothalamus the 
relative area of the basal membrane is reduced by 30-40% higher as compared with 
the capillaries of the posterior department. These changes persist for at least 18 
hours after a 60-min exposure (Table 2). 

Table 2 



Morphometry analysis of electron microphotographs or the capillaries or the anterior department 
or hypothalamus or rats during 0.1 PPP 



Objects or investigation 


Control 


Time of exposure, min 


Time a 


ter exposure, h 




20 


40 


60 


6 


10 


14 


18 


60 


Relative area or 


0.1± 


0.15± 


0.15± 


0.1± 


0.1 1± 


0.12± 


0.1± 


0.1 ± 


0.1 + 


endotheliocytes 


0.02 


0.01 


0.02 


0.02 


0.03 


0.02 


0.03 


0.03 


0.03 


Relative area or basal 


0.17 + 


0.05± 


0.14± 


0.11± 


0.1 1± 


0.1 5± 


0.1 1± 


0.12+ 


0.17± 


membrane 


0.02 


0.005 


0.01 


0.02 


0.02 


0.03 


0.01 


0.03 


0.01 


Relative length or 
depression or abluminal 
membrane 


0.045± 


0.1 ± 


0.043 ± 


0.05± 


0.06± 


0.065 


0.04± 


0.07 + 


0.05 ± 


0.01 


0.05 


0.01 


0.01 


0.01 


±0.01 


0.01 


0.01 


0.002 


Relative length or 
depression or luminal 
membrane 


0.076± 


0.18± 


0.22± 


0.2± 


0.2± 


0.17+ 


0.14± 


0.16+ 


0.08± 


0.01 


0.02 


0.02 


0.02 


0.03 


0.03 


0.02 


0.02 


0.004 


Relative area or microvilli 


0.04± 


0.1± 


0.1 5± 


0.07 + 


0.07 ± 


0.06± 


0.04± 


0.05 ± 


0.04 ± 




0.008 


• 0.02 


0.03 


0.01 


0.01 


0.01 


0.008 


0.009 


0.003 


Relative area or endothelial 


0.0075 


0.013± 


0.014± 


0.026± 


0.025 


0.008 


0.01 ± 


0.01 ± 


0.008 


vesicles 


±0.001 


0.001 


0.002 


0.003 


±0.003 


±0.001 


0.001 


0.001 


±0.002 


Amount or trimmed 
vesicles, % 


0 


40±5 


29±5 


67±7 


60±7 


0 


30±4 


33+4 


0 



The gel of the basal membrane, formed by glucosamine glycancs, builds up 
molecular and electrostatic filters, which provide for a selective permeability of the 
membrane to negatively charged molecules. Besides, proteoglycanes possess os- 
motic activity, which also regulates permeability |4 ]. This allows to consider the 
basal membrane as an additional regulator of the BBB functional activity [8 J. The 
authors believe a reduction in the area of the basal membrane may reflect the ex- 
tent of polymerization of glucosamine glycanes and affect the level of the BBB per- 
meability. The relative area of the endothelial cell changes in the opposite manner 
during 0.1 PPP. The first 20 min of exposure witness a 1.5-fold rise in the relative 
area of the endotheliocyte as compared with control. Such a rise is maintained for 
another 20 min of cooling, returning to the normal values by the 60th min of ex- 
posure. An increase in the relative area of the endotheliocyte in the posterior region 
of hypothalamus is higher (by 33%) as compared with the anterior department 
(Table 2). 

Considerable variations during 0.1 PPP are found within the surface of the 
endotheliocyte (Fig. 3, 4). Numerous depressions are developed at the luminal and 
abluminal contours, the length of which by the 20th min by 2-fold exceed the con- 
trol values, staying at a heightened level for at least 18 hours after exposure (these 
changes are more pronounced in the anterior department of hypothalamus). It 
should be noted that during 0.1 PPP the amount of the microvilli on the luminal 
surface of the endotheliocyte increases, the relative length of which is prolonged by 
more than 2-fold. Such a rise persists for 10 hours after exposure, returning to the 
normal values by the 12-1 4th h (Table 2). 

The fine structure of the nucleus and cytoplasm of the endothelial cells during 
0. 1 PPP is close to the normal one. The activization of the mitochondria is reported, 
which is manifested in the enlightening of the matrix and increase in its area. A 
characteristic feature is the appearance of a large amount of the endocytic vesicles 
of various dimensions in the capillary endothelium of the anterior and posterior 
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departments of the hypothalamus by the 20th min of exposure. Their relative area 
increases by 3-4-fold by the 60th min as compared with control, and returns to the 
normal values in 10-12 h after exposure (Tabic 2). Apparently, the observed sur- 
facial changes in the endotheliocytes, as well as a rise in the amount of and the 
relative area of the endocytic vesicles testify to the development of the processes of 
pinocytosis in the endotheliocytes of the hypothalamic capillaries. The electron 
microphotographs reflect all the stages of the formation of the pinocytic vesicles, 
starting from invagination of the luminal membrane ( 1 ) , formation of the open and 
then closed vesicle, attached to the luminal membrane, appearance of free pinocytic 
bubbles (20, their merging (3) , formation of the channel out of the merged vesicles, 
ending up in the attachment of the vesicles to the abluminal membrane (4) or trans- 
formation of the vesicles in a GERL system (Golgi complex, endoplasmic 
reticulum, lysosomes) with subsequent recycling of the membrane (Fig. 3, 4). The 
above changes in the fine structure of the hypothalamic BBB elements should sup- 
posedly result in the increase in its permeability, and the reported peculiarities of 
the structural rearrangements in the anterior and posterior departments of the 
hypothalamus may correspond to various levels of permeability of the barrier. The 
following series of experiments were aimed to support the assumptions. 





Fig. 3. Expansion of the intercellular contact of en- 
dotheliocytes with formation of the "funnel". The 
main stages (1-4) of pinocytosis in the endothelial 
cell O) of the capillary of the posterior department 
of the hypothalamus of the rat in 18 h after 0.1 PIT. 
XI 04000: 1 - invagination of the luminal membrane 
of the endotheliocyte, 2 - formation of free pinocytic 
vesicles, 3 - merging of pinocytic vesicles, 4 - open 
vesicle in the abluminal part of the endotheliocyte; 
BM - basal membrane, 3P - erythrocyte in the lumen 
capillary 



Fig. 4. Fragment of the wall of the capillary from 
the prcoptical region of the anterior hypothalamus 
of the rat (60 min of 0.1 PPP). X100000. 
Microtubules (big arrow) and coaled vesicles 
(small arrows) in the cytoplasm of the en- 
dotheliocyte O). n - pericyte, BM - basal 
membrane, nx - precipitation of the electron- 
dense pellet of the horse radish peroxidase reac- 
tion among the processes of the glial cells, C - 
synaptic bubbles in the presynaptic bud of the axo- 
axonal synapse 



For evaluating the BBB permeability during 0.1 PPP the authors have con- 
ducted two series of experiments using intravenous injection of the electron-dense 
markers - horse radish peroxidase and lantane ions. The electron-microscopic 
analysis of the ultrathin slices of these hypothalamic samples testify to the fact that 
horse radish peroxidase, while being a marker of pinocytosis, was found in the form 
of the electron-dense inclusions within vesicles (Fig. 2) and in the cytoplasmic 
channels, which were possibly formed by fusion of such vesicles (Fig. 3). Besides, 
sedimentation of the homogenic electron-dense pellet, formed by horse radish 
peroxidase and lantane ions, was partially evident behind the basal membrane be- 
tween the terminal limbs of the astrocytes (Fig. 4). The experiment with applica- 
tion of horse radish demonstrated a rise in the electron density of the capillary 
basal membranes (Fig. 2). 

The electron-dense pellet of the product of reaction of horse radish was also 
found in the contacts between the membranes of endotheliocytes. Horse radish 
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peroxidase was also found in the lysosomes of pericytes, which possess [4, 11] 
phagocytic activity (Fig. 4). It should be noted that in 30% of the studied capillary 
lumens the processes of pericytes came into contact with endotheliocy tcs, normally 
in the areas of contacts of endotheliocytes and cytoplasmic channels. Of particular 
interest is the fact of the endothelial cells breaking the contacts between them, thus 
forming a "funnel", deeply protruding into the capillary lumen (Fig. 3). In a few 
cases horse radish completely filled in the lumen of the intercellular contact. 

Thus, rhythmic cold exposures bring about structural rearrangements in all 
the basic links of the hypothalamic BBB, which increase its permeability to the 
applied electron-dense markers. Apparently, during 0.1 PPP the "breakthrough" 
of the BBB does not occur, which should be accompanied by precipitation of the 
electron-dense markers along the whole perimeter of the basal membrane, and not 
partially, as it occurred in the experiments conducted (Fig. 4). That is why the 
reported changes in the functional activity of the BBB may bear physiological im- 
portance for the processes of the central thermal regulation. Apparently, horse 
radish peroxidase only visualizes the process of a selective transendothelial trans- 
fer of the biologically active compounds, being their "fellow travellers by chance". 

As reported earlier (ref."Problemy kriobiologii", 1995, N<>3), during 0.1 PPP 
the BBB permeability significantly increases only to neuromediators, which 
mediate heat production (norepinephrine) , and docs not change with respect to the 
neuromediators, mediating the processts-of heat reUrrn (serotonin) (Fig. 5). In the 
anterior department of the hypothalamus, where' the main pool of the thcrmoscn- 
sitive neurons is concentrated 12, 3 J, the permeability of the barrier was sig- 
nificantly higher as compared with the anterior departments, which nicely corre- 
lates with the peculiarities of the ultrastructural rearrangements during cold ex- 
posure. Thus, a 0.1 PPP treatment may possibly trigger specific neurotransmitter 
mechanisms, which selectively alter the BBB permeability, activating the 
hypothalamic centers of thermal regulation. 

When speculating on the rhythmic 
cold exposures on the BBB permeability 
to monoamines, one cannot disregard the 
problem of the mechanisms, providing 
for a selective permeability to serotonin 
and norepinephrine. In the processes of 
maintaining the BBB resistance to 
serotonin the enzymatic barrier with in- 
volvement of monoamine oxidase (MAO) 
may play an important role. The latter is 
known 1 10 I lo be the enzyme, which 
catalyzes desamination of the biogenic 
amines, li was shown that even a single 
short-term cooling of the organism 
results in a prolonged alteration of the 
activity of the enzyme [101, and after 
termination of the low temperature ex- 
posure the MAO activity is maintained at an increased level for 4 and more days. 
These data correlate with the results of the authors own experiments. For example, 
injection of a nonspecific MAO-blocking agent iproniazidum during 0.1 PPP treat- 
ment increased the barrier permeability to serotonin by nearly 2-fold, while there 
was no further rise in permeability to 3 H-NE (Fig. 5) . Hence, if the BBB resistance 
to serotonin may be accounted for by the availability of the enzymatic barrier (a 
rise in the MAO activity), then norepinephrine "evades" the action of the given 
enzyme. The authors believe that a rise in the specific BBB permeability to 
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Time of exposure, min 

Fig. 5. BBB permeability lo monoamines during 
rhythmic cold exposures: 1 - factor of per- 
meability (F p ) to 3 H-NE in the time course of 0.1 
PPP. 2 - F P to 3 H-ST in the dynamics of 0. 1 PPP, 
3 - F p to 3 H-ST in the dynamics of 0. 1 PPP during 
MAO blockade 
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norepinephrine is provided for by complex structure-functional mechanisms, 
which were studied in the series of the latest experiments of the authors. 

It is well known that initiation of the structure-functional changes, increasing 
the BBB permeability, may be both of humoral and neurogenic origin [3]. 
Predomination of one or another origin is determined by the action on the or- 
ganism. For example, during hypothermic treatment the communication signals, 
triggering reactive changes in the BBB, are supplied, mainly, by the blood cells [ 1 ], 
and the authors report on the marginal elevation and adhesion of the leukocytes, 
monocytes, platelets to the surface of the endothelial cells. Rhythmic cold exposure 
did not trigger such phenomena (Fig. 4). That is why the authors assumed that a 
rise in the BBB permeability during such an exposure is caused by the activation of 
the specific neurophysiological mechanisms of the CNC. The authors managed to 
demonstrate the activation of the synapses of the 5, and to a higher extent, of the 
C type already by the 20th min of exposure (Fig. 1,4). The synaptic terminals of 
the S type contain spheric vesicles of the low electron density with the diameter of 
500 A, and acetyl choline is thought to be their mediator [12]. The synaptic ter- 
minals of the S type, on the contrary, contain spheric vesicles of the high electron 
density, which is reduced after activation of the synapse. It is supposed that 
monoamines act as mediators in these synapses. Unfortunately, identification of 
the epinephrine, norepinephrine, and serotonin synapses according to their 
electron-microscopic characteristics is impossible today. However, the authors 
believe that during 0.1 PPP the noradrenergic synapses arc activated, since the 
adrenergic synapses are very few in the hypothalamus, while neurophysiological 
experiments in vivo demonstrate a significant (by 2-3-fold) increase in a spon- 
taneous secretion of 3 H-NE in the a*nterior hypothalamus, and an insignificant rise 
in the posterior hypothalamus, and secretion of 3 H-serotonin ( 3 H-ST) docs not 
change (Table 3). 

Tabic 3 



Spontaneous secrelion of J H-NE and 3 H-ST in the anterior and posterior hypothalamic 
departments during 0.1 PPP 



Experimental 
conditions 


Anterior department of hypothalamus 


Posterior department of hypothalamus 


J H-NE 


3 H-ST 


3 H-NE 


J H-ST 


Control 
Anaesthesia 
0.1 PPP (10 min) 
0.1 PPP (20 min) 
0.1 PPP (40 min) 
0.1 PPP (60 min) 


0.82±0.05 
0.78±0.04 
2.37±0.1 
2.01 ±0.1 
2.63±0.3 
2.81 ±0.4 


0.79±0.03 
0.76±0.04 
0.74±0.05 
0.76±0.06 
0.77±0.07 
0.75±0.06 


0.81 ±0.05 
0.77 ±0.04 
1.94±0.1 
1.70±0.1 
2.09±0.3 
2.31 ±0.4 


0.78±0.04 
0.74±0.03 
0.76±0.05 
0.74±0.06 
0.71 ±0.07 
0.73 ±0.05 



Application of supervision of the hypothalamus by the blocking agents of a- 
and /3-adrenoreceptors during 0.1 PPP reduces the BBB permeability to 3 H-NE 
down to the control level (Fig. 6). This may be indicative of the fact that a rise in 
the activity of the noradrenergic functional system of the hypothalamus initiates a 
rise in the BBB permeability. 

A comparison of the results of physiological experiments and the data of the 
ultrastructural analysis on the development of the processes of pinocytosis in the 
cells of the capillary endothelium of the hypothalamus makes it possible to assume 
that a selective increase in the BBB permeability to 3 H-NE is due to the process of 
a highly specific adsorptive transcytosis or receptor-induced transcytosis [7 ]. The 
first stage of the specific endocytosis is the adsorption of substances on the 
glycocalix of the plasmalemma [7 ]. Exposure of the mucopolysaccharide level of 
the glycocalix to the intraperitoneal injection of heparin results in the reduction of 
the increased BBB permeability to 3 H-NE, caused by 0.1 PPP (Fig. 6). At the next 
stage the cells capture ligand molecules with the help of the corresponding recep- 
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Fig. 6. BBB permeability to 3 H-NE during 
hypothermic and pharmacologic exposures (ANT, 
PHT - anterior and posterior hypothalamus): 1 - 
factor of permeability (F p ) in control, 2 - F p by the 
60th min of 0. 1 PPP. 3 - F p by the 60th min of 0. 1 
PPP after injection of propanolol, 4 - F p by the 
60th min of 0.1 PPP after injection of phen- 
tolamine, 5 - F p by the 60th min of 0.1 PPP after 
injection of heparin 



tors of the plasmalemma. The in- 
traperitoneal injection of the blocking 
agents of a- and /3-adrenoreceptors also 
reduces the BBB permeability to H-NE. 

Binding of the ligand (norepi- 
nephrine in the given case) with a recep- 
tor brings about membrane invagina- 
tions, which becomes deeper, rounded, 
and closes, so that norepinephrine is 
found within the composition of the 
specific endosome, which is called a 
"coated" (trimmed) vesicle. The coated 
vesicles are identified in the cytoplasm of 
endotheliocytes already at the 20th min 
of exposure, and by the 60th min they 
are found in the 70% of the studied capil- 
lary lumens, and in the anterior depart- 
ment of the hypothalamus their amount 
is by 2.5-fold higher as compared with 
the posterior (Table 2). 

The coated vesicles on the outer surface contain clatrine "fur", which repre- 
sents basket-like structures with penta- and hexagonal cells, formed due to clatrine 
polymerization. These organelles vary in their dimensions within one and the same 
cell - 50-250 nm in the diameter (Fig. 4). It is believed that a clatrine "fur" 
facilitates preservation of the vesicle content against lysis (norepinephrine 
"evades" MAO) , and it is required for clutching of these organelles with the cytos- 
keleton and their subsequent transport in the cell. The analysis of the ultra thin 
slices of the hypothalamus identified most of the stages of the formation, transfor- 
mation and transport of the coated vesicles in the endothelial cells (Fig. 4). 

While penetrating into the 
cytoplasm, the coated vesicles loose 
clatrine cover and merges with one 
another or with micropinocytic vesicles 
(in the experiments with the electron- 
dense markers a "fellow traveller" - 
horse radish peroxidase - is captured). 
Bubbles of the larger size are formed, 
which have smooth surface, clear-con- 
toured vesicles move within the 
cytoplasm along the skeleton, 
microtubules, in particular (Fig. 4), and 
are carried by NE to the abluminal sur- 
face of the endotheliocyte either directly 
or via transendothelial channels. It 
should be noted that the processes of 




Fig. 7. Resistance to cold in the rats after 0. 1 PPP. 
Along the X axis: K - control; 20, 40, 60 - time of 
exposure, min; 48 - hours after 60-min 0.1 PPP. 
Along the Y axis: time of active swimming in the 
iced water, min 



transendothelial transfer are characterized by a seconds rhythm [4, 7 ]. The ef- 
ficiency of the rhythmic cold exposures with a frequency of 0.1 Hz upon the BBB 
permeability to NE may probably relate to this fact. 

The ultrastructural rearrangements of the BBB elements, caused by rhythmic 
exposures, persist for dozens of hours, thus providing for an increased specific per- 
meability of the barrier. Physiological importance of a rise in the BBB permeability 
to NE involves, apparently, stimulation of the hypothalamic centers of thermal 
regulation. This is supported by a considerable rise in the resistance of the or- 
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ganism to cold following rhythmic stimulation of the caudal thermal receptors (Fig. 
7). Thus, functional state of the blood-brain barrier should undoubtedly play a 
major role in the regulation of the temperature homeostasis of the organism. 

REFERENCES: 

L. Archakova Li., Belyavsky E.M., Gurin V.N. Ultrastmctural organization of the median preoptic 
region of the hypothalamus and its alteration under the action of pyrogcnes //Arkhiv anatomii, gis- 
tologii i embriologii. - 1 989. - XCVI, N5I . - P. 44-50 (in Russian). 

2. Babiychuk G. A. , Marchenko V. S. , Loinakin I. I. , Belostotsky A. V. Neurophysiological processes in the 
cooled brain. -Kiev: Naukova Dumka Publ., 1992. - 207 p. (in Russian). 

3. Belyavsky E.M., Archakova LI., Netukova N.I. Structure-functional organization of the centre of 
thermal regulation under normal and feverish conditions // Involvement of the vegetative nervous sys- 
tem in the regulation of functions. - Minsk: Nauka i Tekhnika Publ., 1989. - P. 18-43 (in Russian). 

4. Bobrik 1. 1., Shevchenko E.A., Cherkasov V.G. Development of blood and lymphatic vessels. - Kiev: 
Zdorovya Publ., 1991.-207 p. (in Russian). 

5. Bogolepov N.N. Methods of the electron-microscopic study of the brain. - M.: I.M.Sechenov Medical 
Institute Publ., 1976.- 187 p. (in Russian). 

6. Bradbury M. A concept of the blood-brain barrier. - M.: Meditsina Publ. , 1 983. - 480 p. (in Russian) . 

7. GlebovR.N. Endocytosis and exocytosis. - Vuschaya Shkola Publ., 1987. - 94 p. (in Russian). 

8. Maizclis M. Ya. Modern notion of the blood-brain barrier: neurophysiological and neurochemical 
aspects // Zhurn.vyschey nervnoy deyatelnosti. - 1986. - 36, N54. - P. 61 1-626 (in Russian). 

9. Marchenko V.S., Babiychuk G.A., Lomako V. V. et al General approach to the problem of increasing 
the permeability of the blood-brain barrier and resistance of the organism to cold / / Probl.kriobiologii. 

- 1 994. - N?4. - P. 24-32 (in Russian) . 

10. Molodtsova G.F., Popova N.K. Trace effects of the short-term temperature exposures in the activity 
of monooxidase // Bull.expcrim.biol.med. - 1984. -N?9.-P. 296-298 (in Russian). 

11. Peters A., Paley S., Webster G. Fine structure of the nervous system. - M.: Mir Publ., 1 972. - 267 p. 
(in Russian). 

12. UzizonoK. Excitation and inhibition. Morphology of synapses. - Kiev: Naukova Dumka Publ., 1980. 

- 216 p. (in Russian). 

13. GraJiamR.C, KariiovskyM.J. The early stages of injection of horseradish peroxidase in the proximal 
tubules of mouse kidney: ultrastructural cytochemistry by a new technique // J.Histochem.Cytochem. 
-1966.-N914.-P. 291-302. 

14. Hattcn M.E., LiemR.K., ShelanskiM.L, Mason C.A. Astroglia in CNS injury // Glia. - 1 991 . - N?2. 

- P. 233-243. 

Institute for Problems of Cryobiology and Cryomedicine of the Accepted on August 7, 1 995 

National Academy of Sciences of the Ukraine, Kharkov 



/l.M.MAPHEHKO, r.O.BABiflHYK, B.C.MAPHEHKO. B.B.JIOMAKO. O.B.LUmiO, 
O.B.A/1TYGBA 

^0 MEXAHI3MIB PEry/muiT nPOHUKHOCTl rE MATOE HUE OA/1 N- 

Horo EAP-epy oxo/iOAXEHoro mo3ky. noBiAorvmEHHfl 4. 

y/1 bTPACTPy KTY P H I OCOEJ1MBOCTI i OyHKUiOHA/lbHA 
AKTMBHiCTb TEE nPH PMTMlHHMX XOJ10AOBHX Bn/ll/IBAX 

IncTHTyT npo6^eM Kpio6io^orii i icpioMeflnu.HHH HAH YKpatHH, M.XapidB 

Bmrmciu yjibTpacTpyKTypM TEE 1 CMHanTMmioro anapaiy rinoTajiaMycy mypiB ripn rinoTcpMil. 
AocnUaceH cetcpeuisi, peuenujn i npoHMKHicTb TEB ana mohoamIhIb. noKa3aHO, mo pMTMiMHi xonoaoBi 
BiviMBM nlflBHmyiOTb B 3-4 pa3M npoHMKHicTb rEB nnn 3 H-Hopaflpena^Hy, ajie He ana J H-cepoTOHiHy. 
EneKTpoHorpaMM cni.maTb npo tc, mo niaiti xo^oaobhx BruiMBiB CHuartTM'iHHM anapai nepc6yBae b 
craHi iiaiipy/KCMHM. a b eHAomnit MixpocyflMH uHHsjisuoTbcti miaTpMHOBi Be3HKyjiM, aKi»uiyion.c« 
npouecw peuenTopnoro TpaHCUHTcoy. 1 U - | i paHCMiTepni npouecn, «Ki o6yMOBjno»OTb npoHMKHicTb 
rEB, MOKyTb 6yTM nycKOBHM HeHpoq5i3io^orimcMM MexaHi3MOM 3MiiiH ueirrpajibHoI TepMopery^finiT 
npw rinoTepMil. 
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/l.H.MAPHEHKO. r.A.BAEUlTNYK, B.C.MAPMEHKO. B.B.JIOMAKO. A.B.UJU/IO, 
E.B.A/ITYEBA 

KMEXAHH3MAM PEry/lHUW/l nPOHMUAEMOCTM rEMATOSHUEOA- 
JlUHECKOrO EAPbEPA OX/lAXflEHHOrO M03TA. COOBU^EHME 4. 
y/1 bTPACTPy KTY PH bl E OCOEEHHOCTH M OyHKUHOHA/lbHAfl AK- 
TMBHOCTb rEMAT03 HUE OA/1 HHECKOTO EAPbEPA nPM 
PMTMMHECKHX XO/lOflOBblX B03AEflCTBHflX 

HHCTHTyT npodneM KpHo6HcmorHH h k p h o m eA w u,h h hi HAH YxpaHHU, r.XapbKOB 

M3yqeHu ynbTpacTpyxTypu reMaToaHuecpajiHMecicoro 6api>epa (F3B) m CKHarmmeacoro 
annapaTa rMnoranaMyca xpwc npn rot n o tc p m h h . HcuiCAoaaHbi ceKpeuns , peu.enu.Ha h npoHHuaeMOCTb 
r3B nn* MOHoaMMHOB. Hok a3a no , «rro pHTMHMecKMe xoAOAOBbie B03acMCTBn« yBCJiHMHBaiOT b 3-4 pa3a 
npoHHuaeMOCTb T3B una 'H-HopaapeHajiMHa, ho hc ana J H— cepoTOHMHa. 3jieKTpOHorpaMMbi 
CBMflCTR/ibCTByiOT o tom, <ito nooie xo^oflOBbix B03nePicnnPi CHMariTHMecKHH annapaT HaXOAHTCa B 
cocroflHMH HanpsuKexHii, a b aHAorejiMM MnxpococyaoB ooHapyxcMBaioTCfl KjiaTpuHOBue BeaMicyjibi, 
axTHBHpyiOTCsi npoucccbi peuertTopHoro TpaHcu.MT03a. HefipoTpaHCMMTTepHbie npoueccw, 
o6ycnoanMBaiouiMe npOHMuaeMocm, F3B, MoryT oxaaaTbca nycxoBUM Heftpoj)H3HOjiorH<<ecicHM 
MeX8HM3M0M M3MCHeHMH I Id 1 rpa.'l MUH1 TepMopery.niiu.HM npM rHnorepMMH. 
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A.N.Goltsev, E. D. Lutsenko, L. V . OstartKova, 
T.G.Dubrava, E. V . Opanasenko 

MEMBRANE STRUCTURES, DETERMINING'PHENOTYPICAL 
CHARACTERISTICS AND FUNCTIONAL STATUS OF HEMO- 
POIETIC CELLS; THEIR POSSIBLE MODIFICATION UNDER THE 
ACTION OF CRYOPRESERVATION FACTORS. PART II 

In continuation of the analysis of the state of the receptor structures on hemopoietic cells, IL-1 
receptor, in particular, which the authors started earlier (rf.. a Problemy kriobiologii", 1995, N?3), it 
should be noted that formation of a II - 1+1 1 I R complex may activate thyrosine kinase, trigger phos- 
phorylation of the membrane proteins, and in some cases, during the action of IL-1 on the glycoproteid- 
treated cells of human peripheral blood, to bring about phosphorylation of the protein with a molecular 
massof65kDa. 

A cascade of biochemical events with the development of a corresponding ef- 
fect, apparently, is not limited by phosphorylation of the protein structures. The 
data which support possible internalization of the ligand with its subsequent 
degradation are rew. Using electron microscopy and autoradiography the authors 
managed to demonstrate the development of a particular fraction of the internal- 
ized IL-1 in the nucleus (28 1. A complexity of the nature and action of the IL-1 on 
the cells is also confirmed by the fact that IL-1 rapidly increases the exchange of 
protein kinase C in the jurkai cells, which are not expressed on the IL-1 membrane. 

Availability of the stimulating effect with respect to the hemopoietic precur- 
sors after injection of IL-6 to the mice 114 ] makes it possible to assume on the 
probable presence of the receptor to IL-6 on these cells. The results of studying the 
action of IL-6 on the primitive stem cells, obtained following a corresponding treat- 
ment of the bone marrow of the mice with 5-fluorouracyl (5-FU) and a certain class 
of the monoclonal antibodies (MAB), are rather interesting. It was reported that 
for the population, which is resistant to 5-FU and growing in the presence of the 
optimum concentrations of CSF-l+IL-l+IL-3, the addition of IL-6 resulted in a 
dose-dependent rise in the amount and volume of the colonies. At the same time, 
addition of the IL-6 to the population, sensitive to 5-FU, and stimulated by CSF- 
l+IL-3, did not produce a similar effect. These results testify to the availability of 
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the subpopulations of hemopoietic cells in the bone marrow, which possess high 
proliferative potentials (HPP-CFU) , which are realized in the presence of the IL-6, 
thus supporting the synergy of action of the IL-6 with other growth factors with 
regards to the stem cells. The data on the addition of the IL-6 to increase the con- 
tent of CFU C in the long-term bone marrow culture may testify to the manifestation 
of the stimulating activity of the IL-6 at late stages of hemopoiesis [21 ]. Unfor- 
tunately, it is impossible to find out whether a direct or mediated action of the IL-6 
is due to the CSF induction by the accessory cells. It is known, for example, that 
IL-6 acts as an additional signal in a mitogen-dependent T-cell activation, and the 
activated T-cells may inject growth factors into the medium. The results of the 
investigations of the leukosic cells, which are a homogeneous population, make it 
possible to assume that at least some of the signals may be of the direct action, 
though it should be taken into account that the leukosic cells in themselves do not 
infrequently secrete GM-CSF, G-CSF, IL-1. Several years ago experimentation 
with mice showed a direct action of IL-6 (IF/32) on the colony-forming activity of 
the CFU-GM, and its ability to maintain the colony-formation of the early blast- 
forming cells was reported [22 ]. 

Expansion of the field of application of hormones of the adrenal gland in clini- 
cal practice and good evidence of their diversified action on the cells, organs and 
systems of the human organism prompt the urgent necessity to define a possible 
acceptance of these powerful bioregulators by the hemopoietic precursors, i.e. the 
availability of the receptors to glucorticoids (GO on them. Unfortunately, there is 
no direct convincing evidence of the availability of the receptors to GC on the 
membranes of the stem hemopoietic cells, though some researchers do speculate on 
the problem of the involvement of GC in the modulation of the cytokine receptors 
on the cells of the lymphohemopoietic system. It was reported, however, that injec- 
tion of IL-1 to the mice resulted in a temporary inhibition of binding of G-, GM- 
CSF, FNO with corresponding receptors of the cells of bone marrow. 
Dexametazone induced a rise in binding of the IL-1 with the cells of the lym- 
phohemopoietic complex in the in vivo system, and, vice versa, adrenalectomy 
reduced binding of the IL-1. It should be reported that the results of these studies 
are not only of theoretical, but of practical importance as well, testifying to the 
necessity of introducing the corresponding corrections into a composite therapy, 
involving application of glucocorticoids during transplantation of the bone marrow, 
cryopreserved, in particular, in which a dysbalance of the regulatory-acceptor cells 
is possible, and, hence, of the cytokin production [32 J, and a change in the struc- 
ture-functional organization of the receptor apparatus of the cell [5 J. The receptors 
to GC are rather labile systems, which alter their functional activity after changing 
the temperature, ionic strength of the solution; they are sensitive to the action of 
antagonists of calmodulin-vinblastine, propanediol [9 J. A major role of the in- 
tracellular Ca 2+ and Mg 2+ in the processes of transformation of a rcceptor- 
glucocorticoid complex should be mentioned [20 J. The data on the state of a "hor- 
mone-receptor" complex following its interaction with chromatin are also impor- 
tant. On the basis of the data available on the fact that such an interaction results 
in the formation of a new conformation structure, which provides for a rise in the 
synthesis of mRNA, the authors hypothesize that these newly formed structures 
may exist in the active state for a long time. A receptor protein is thermally labile, 
and contains sulfhydril groups. Oxidation or alkylation destroys a binding activity 
of the receptor. It cannot be excluded that such a change in the conformation of the 
solution may occur after cryopreservation, since the barrier properties of the 
membranes are disrupted due to the temperature-dependent phase-structural 
transitions of lipids and intensification of their peroxidation, there occurs a leakage 
of the transported Ca 2+ out of the SPR both via a system of the active transport, and 
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by means of the passive diffusion via transmembrane defects. The impairments of 
the barrier properties of the membrane result in the elimination of various proteins 
and enzymes out of the cytoplasm [2 J. Even under physiological conditions the 
receptor may be returned to the cytoplasm and expand the pool of the newly syn- 
thesized receptors, or it may degrade. Still, if we assume the availability of the 
receptors to glycocorticoids on the hemopoietic cells while developing proper modes 
of applying glycocorticoids during bone marrow transplantation, then, apparently, 
certain peculiarities of expression of these structures on other cells as well should 
be taken into consideration. For example, on the mononucleated cells of human 
peripheral blood the level of these receptors is going down with age, while seasonal 
changes do not affect this feature, and in women the amount of these receptors is 
somewhat lower, the circade variants of cortisole in plasma do not alter the level of 
the receptors on the membrane, etc. It is also important that the number of these 
receptors to glycorticoids may be reduced during their long-term application [31 ]. 

In a wide range of the receptor structures of hemopoietic cells the important 
part is played by the receptors to retinoic acid. The latter significantly affects 
proliferation and differentiation of many hemopoietic cells. The mechanism of this 
action is still unclear. Recently several receptors of the retinoic acid were cloned 
[24 ]. When the results of these investigations were summarized, it was concluded 
on the expression of the retinoic acid to be independent either of the level of dif- 
ferentiation of hemopoietic cells or on the cell cycle. This receptor had a short life 
period and was easily produced under the action of the inhibitors of the protein 
synthesis. The myeloid precursors were found to be resistant to the action of the 
retinoic acid during the congenital agranulocytosis of the bone marrow (the 
stimulation of proliferation is missing), thus supporting an important role of the 
retinoic acid in providing for the myeloid growth of hemopoiesis. 

Recently a lot more attention is paid to the product of a c-kit gene - trans- 
membrane tyrosine kinase receptor for the new hemopoietic factor, which is called 
a growth factor of mast cells, c-M-ligand or a stem cell factor, stimulating prolifera- 
tion of the hemopoietic precursors, which is expressed in high concentrations on 
the hemopoietic cells, brain tissue and placenta [34 J. The expression of the product 
of a c-fc//-gene was shown to be modulated by the hemopoietic growth factors, in- 
cluding IL-3, GM-CSF and erythropoietin. These growth factors reduce the level 
of a c-£/>protein and its mRNA. Apparently, this is one of the links of realization 
of the mechanism, providing for a balanced state of proliferation and differentia- 
tion of the key elements in the hemopoietic system. With the help of MAB to the 
c-fa7-product, CD33, CD71 structures of hemopoietic precursors of various extent 
of maturation and using a method of a flow cytofluorometry the authors inves- 
tigated the distribution of these molecules on the hemopoietic cells. Ten samples of 
the normal human bone marrow exhibit some 19-51 % of CD34 + cells, which ex- 
press c-£#-receptor. A considerable part of these cells co-expressed CD33 
(52±23%) and/or CD71 (62±26%), which are the markers of the committed 
colony-forming cells [29 ]. This fact seems very interesting, since it testifies to a 
possible regulation of the process of proliferation not only in the terminal, but in 
the stem department of hemopoietic precursors as well. 

Admission of the concept of the interregulation of the CNS, endocrine and 
immune systems requires a more detailed study of the action of the products of the 
CNS activity on the cell of the lymphohemopoietic complex. The authors gained 
strong evidence in favor of the involvement of the endogenous opioid peptides in the 
regulation of the vital functions under physiological and extreme conditions. Many 
researchers investigated the action of opioids on the bone marrow hemopoiesis. 
Assumption on the participation of the opioids in the hemopoiesis is based on the 
identification of a CALLA-markeron the immature hemopoietic cells with the help 
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of enkephalinase [15 J. The clonal cultures of the human and murine bone marrow 
stem cells, isolated with a cell sorter, were incubated with leu- and methionine- 
enkephalin in the concentration of 10 -10 M in the presence or absence of the 
specific opioid antagonist - naloxon. Both enkephalins reduced the number of 
CFU-GM and clusters by 50-85% as compared with control samples. Naloxon 
eliminated the effect of opioids. A synthetic analogue of leu-enkephalin - dalargin 
- also exercises an inhibiting action on the cry thro- and granulopoiesis; and this 
action is realized not only during the balanced hemopoiesis, but under the in- 
fluence of the postmobilization stress as well. A combined injection of the prepara- 
tions did not result in the hyperplasia of the bone marrow, which is characteristic 
of the adaptation syndrome, since naloxon eliminated a stimulating effect of the 
endogenous meth-enkephalin on the hemopoiesis during immobilization stress. 
Such an effect of the antagonist of the opioid receptors, as described elsewhere [4 ], 
may be related to the diversified action of enkephalins on the hemopoiesis during 
stress. For instance, injection of meth-enkephalin to the mice, exposed to immobi- 
lization, exercises a stimulating action on hemopoiesis. Under stress conditions the 
adrenal glands produce mainly meth-enkephalin, the action of which, apparently, 
may result in hyperplasia. 

The data are available on the effect of opioids on the growth of colonies of a 
granulocy to-macrophagal series in the in vivo culture of the bone marrow of healthy 
adults in the presence or absence of growth factors. Leu- and meth-enkephalins 
stimulated growth of the bone marrow only provided their own growth was poor. 
During enhanced cell growth leu-enkephalin inhibited proliferation of cells, while 
meth-enkephalin did not affect it. When using a stimulating growth factor both 
enkephalins either did not affect, or inhibited proliferation of the bone marrow 
cells. The data submitted demonstrate that, in the first place, opioids are also in- 
volved in the maintenance of the balanced hemopoiesis in the organism, and, in the 
second place, they are capable, apparently, of affecting both early and late precur- 
sors of hemopoiesis. Though one cannot exclude both direct (via opioid receptors 
on the hemopoietic cells) and mediated (via receptors on the cells of microenviron- 
ment) action of enkephalins on hemopoiesis. 

A study of physical-chemical and immunologic properties of the receptors of 
the opioid peptides in the brain and leukocytes of the peripheral blood showed that 
the receptors of the opioid peptide is functionally bound with cAMP, and, ap- 
parently, its activity modulates Ca 2+ and K + channels. The receptors possess 
similar biochemical and functional properties [191. 

Among the works on the interaction of the nervous and lymphohemopoietic 
systems some reports deal with the effect of the mediators of adrenergic and 
cholinergic nervous terminals on the proliferation and differentiation of the 
hemopoietic cells. The interaction of specific antagonists with /3-adrenergic, 
nicotine-cholinergic and histamine-H2 receptors may alter the state of the cell cycle 
of the bone marrow stem cells, triggering CFUs into the 5-phase of the cell cycle 
[16]. 

Some researchers [16 1 investigated the concentration of the adrenergic and 
histamine receptors on the cells of the bone marrow, fractionated in a Ficoll 
gradient, and studied binding of various ligands with these receptors. The authors 
reported on a 2-3-fold increase in the density of /3-adrenoreceptors and H2 his- 
tamine receptors on the cells of the fraction, which contained a major part of the 
early progenitors of the hemopoietic cells. There was also demonstrated the 
availability of certain receptors to agonists on the bone marrow hemopoietic cells. 
Proliferation of CFUs is altered under the action of the agonists of the muscarin- 
cholinergic receptors [25 ]. The ligands of ^-adrenergic receptors enhance growth 
of the committed precursors of erythropoiesis and granulocytes [12 J. The role of 
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the given receptors in the manifestation of the functional activity of cells still 
remains vague. It was reported though that endogenous histamine of the bone mar- 
row may trigger CFUs into the S-phase via H2-receptors [16]. Activation of phos- 
phodiesterase by imidasole suppresses such a triggering of CFUs in response to the 
action of H-methyl-histamine, testifying to the involvement of the cyclase system 
in the response, induced via the rh-receptors of histamine. On the other hand, 
inhibition of phosphodiesterase represents a possible way of triggering CFUs into 
the S-phase, which may result in the self-renewal of CFUs or enhancement of 
production of the committed precursors. While a possible presence of the receptors 
to histamine on the hemopoietic precursors of various levels of differentiation and 
their activation during formation of the ligand-receptor block cannot be excluded, 
it should be noted that activation of the colony-formation by endogenous histamine 
may be mediated, by the activation of the contrasuppressive cells of the bone mar- 
row, thus eliminating antimitogenic block [3 ]. With respect to the above it is worth 
mentioning that one of the reasons for the earlier reported reduction in the 
proliferative activity of the bone marrow stem cells after cryopreservation may be 
not only a change in the structure-conformational parameters of the receptor cell 
apparatus, but the impairment in the functional properties of the adenylate cyclase 
complex as well, which is manifested in the first place in the reduced enzymatic 
activity in the presence of catecholamines, isoproterenol and fluoride ions [2 ]. It 
was found that freeze-thawing may be followed by the impairments either in the 
structure of the active centers of /3-adrenoreceptors, or the processes of signal 
transmission in the cyclase system. 

The problem of the activation of phosphatidyl esterase and the effect of this 
enzyme on the functional activity of hemopoietic precursors is of special impor- 
tance. It was reported elsewhere [5 ] that the behavior of hemopoietic cells (CFUs 
and CFUc) after cryopreservation differ in principle from that in the physiological 
state, which is manifested by changes in the proliferative activity, which is believed 
to be a consequence of the impairments in the metabolic activity, the state of the 
receptor apparatus, development of the nonlethal injuries. Apparently, an addi- 
tional factor (but surely not the only one) is a change in the activity of phos- 
phodiesterase. Inhibition in CFUs by phosphodiesterase (PDE) results in trigger- 
ing of the DNA synthesis, which testifies to the ability of CFUs to synthesize cyclic 
nucleotides, and it may maintain the amount of cAMP at a subtriggering level in 
the hemopoietic cells, being in the state of a relative relaxation [16 ]. In this respect 
a rise in the level of PDE brings about a manifested blockade of the mechanism of 
transfer of CFUs in the state of proliferation. At the same time freeze-thawing is a 
factor, which causes a manifested rise in the activity of this enzyme [2 ], which 
follows from it being influenced by proteases, outflowing from the lysosomes, in- 
jured in the process of cryopreservation [8 ]. Although in the cells, which are the 
"candidates" into stem hemopoietic elements, the content of the lysosomes is 
reduced significantly [6 ], this link of activation of PDE in hemopoietic cells cannot 
be neglected during cryopreservation. 

Apparently, yet another evidence of the interaction of a lymphogenetic com- 
plex with the CNS is community of features in the expression of one of the 
membrane structures - Thy-1 antigen. This antigen was shown to be related main- 
ly with the grey substance of the brain in different human and animal species, and 
its synthesis is realized by neurons. 

The results of investigations, conducted in recent years, allow to assume on 
the availability of a Thy-1 antigen on the hemopoietic cells of the murine bone 
marrow. Some authors believe that among a Thy-1 population of the bone marrow 
cells there are CFUs, aged 8 and 1 2 days [5 1. It was shown that the chemical struc- 
ture of a Thy-1 antigen is that of a glycoprotein [ 1 ). A carbohydrate composition 
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of a Thy-1 antigen in mammals of different species is also different. Attention is 
surely to be paid to the assumption that a carbohydrate component is common to a 
Thy-1 antigen and monosialoganglioside, and the latter was thought for some time 
to be a Thy-1 antigen. The differences in glycosylation of the polypeptide chain of 
this antigen in the tissues of the thymus and brain may testify to a different func- 
tion of a Thy-1 antigen in these organs. There is evidence on the involvement of a 
carbohydrate component of a Thy-1 antigen in the functioning of T-lymphocytes. 
Elimination of sialic acid from T-lymphocytes by means of treatment with 
neuraminidase results in the loss of the lymphocyte ability for homing in the cor- 
responding organs. A Thy-1 antigen was shown to mediate the adhesion of the 
murine thymocyte to thymic epithelial cells via a Ca 2+ -dependent mechanism. The 
data are available on the action of a Thy-1 antigen on the immune genesis. A Thy-1 
antigen is thought to be involved into the process of activation of T-lymphocytes 
with participation of other cells, macrophages, in particular. Apparently, activation 
of T-lymphocytes via a Thy-1 antigen is realized during the interaction of this an- 
tigen with other membrane components of the cell, such as antigens of histocom- 
patibility - h-2, Fc-receptor [26 ]. One cannot exclude the interaction of a Thy-1 
antigen with a glycolipid of the ganglioside nature. There was found a relation be- 
tween a Thy-1 antigen and the membrane phospholipid (phosphatidyl inosite-4, 
5-biphosphate) (PTI) , the hydrolysis of which under the action of phospholipase 
C is known to result in the activation of the immunocompetent cells [23 ]. 
Hydrolysis of phospholipids due to the activation of the intramembrane phos- 
pholipases after cryopreservation is to be accompanied, as judged from the above, 
by the activation of the immunocompetent cells (ICC), however, this is not sup- 
ported by the experimental investigations. It is speculated that the activation of 
ICC is exercised due to the action of several activation signals [11]: primary an- 
tigen-specific, which transfers the cell into a Gj phase, and the secondary one 
which is immunologically nonspecific, and which is realized by various lym- 
phoid ncs, being required for the transfer of the cell into the 5-phase. It is probable 
that after the first signal is supplied the cryopreserved cells (even after a temporary 
shedding of the structures, which accept it) are capable of activation, however, the 
absence of the second signal (death, impairment of the ability of the regulatory 
cells to produce cytokines after cryopreservation) results in the observed reduction 
in the extent of the proliferative response of the cryopreserved ICC. 

Currently it is still doubtful whether the effect of a rise in the activity of the 
hemopoietic cells occurs, alike ICC, due to the activation of the inositol-phosphate 
cycle, though the occurrence of these events is probable, since the existence of a 
covalent bond of the protein part of the receptor with PTI, beside Thy-1 , has been 
confirmed for many proteins. An example of the covalent-bound receptors on 
hemopoietic cells are the structures Ly6, LFA [7 ]. The interaction of the PTI- 
bound receptor with the ligand results in the activation of phospholipase C, which 
eliminates binding of the membrane proteins with PTI. Here not all the protein- 
glycolipid complexes are fused with similar rates. A Thy-1 antigen is relatively 
stable, while the antigens Ly6 and LFA are rapidly transformed into the soluble 
forms. Release of the PTI-bound proteins during activation of cells is of great im- 
portance in the processes of adhesion, homing of cells, transition of the intracel- 
lular stimuli and it depends, in the first place, on the exchange of the membrane 
phospholipids and enzymatic operation of phospholipases. It is very difficult to fol- 
low the functioning of the mechanism of the intracellular activation of stem 
hemopoietic cells in response to the action of the regulatory signals due to widely 
known difficulties in collecting a homogeneous population of hemopoietic cells. 
However, with some admission this job may be realized using lymphocytes as an 
example. It was shown that the early transformation of lymphocytes during 
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mitogenic stimulation is accompanied by the activation of the PTI-cascade with the 
involvement of phospholipase C, activation of protein kinase C, the enzyme, which 
is responsible for the phosphorylation of the specific proteins, playing key roles in 
the genome activation during transformation of lymphocytes. Activation of cell also 
relates to the changes in the fraction of phosphatidyl choline, the content of which 
increases in the membrane outer surface, reducing the viscosity of the layer and 
increasing income of Ca 2+ into the cell, which, as combined with methylation of 
phosphatidyl choline, is accompanied by the activation of phospholipase A2 and 
release of arachidonic acid from phosphatidyl choline with its subsequent transfor- 
mation and accumulation of the local tissue regulators - prostaglandins [11]. 

A system of metabolism of phosphatidyl inosides, together with the adenylate 
cyclase and ion-transporting systems, is the basic system of regulation of physico- 
chemical processes in the membranes and cell as whole when responding to various 
stimuli, including temperature and osmotic signals 12 ). For example, a reduction 
in the fluidity of the membrane at 4 °C increases a possibility of the low avidic in- 
teraction of the suppressor factor, produced by the regulatory cells of the bone mar- 
row, with the corresponding receptors of the P-815 mastocytoma cells [10]. At 
present the action of this factor on the hemopoietic precursors has been verified, 
hence, some aspects of the problem of a temperature-dependent variability of the 
functional status of these cells may be interpreted differently. At the same, a cross- 
binding of the murine IL-3 and GM-CSF with the receptor is missing at 4 °C, 
though at 37 °C IL-3 reduced the binding with GM-CSF [33 J. 

All the data available on the action of cryopreservation on the state of the 
antigen-receptor structures relate, mainly, to investigating the characteristics of 
cryopreserved lymphoid cells. It should be noted that the results of these investiga- 
tions are rather contradictory. For example, it was shown that during cryopreser- 
vation of lymphocytes of the human peripheral blood some functional properties of 
these cells are changed, but the expression of the surfacial antigenic structures did 
not change [17 ]. Other researchers [27 ] report that an insignificant reduction in 
the total amount of T-cells, isolated by the method of a spontaneous rosette-forma- 
tion with ram RBC, was followed by a considerable decrease in the amount of 
and Ty cells, which testifies to a higher cryosensitivity of Fc-receptors as compared 
with E-receptors. Cryopreserved polymorphonucleated leukocytes of the 
peripheral blood lost the ability for binding the opsonized IgG and C3 components 
of the complement [30 ]. Similar results were also obtained after the cells were ex- 
posed to osmotic stress in the hypertonic medium, which models a freeze-thawing 
cycle. The said membrane structures were identified in the cell supernatant, which 
enabled the authors to assume that after cryopreservation there occurs shedding of 
the membrane structures. Of the similar importance are the results of the works, 
which report on the change in the expression of the antigens of the bone marrow 
cells during some types of leukemia due to cryopreservation according to a 2-stage 
program [18 J. The highest cryosensitivity was characteristic of the stronger dif- 
ferentiated leukosic cells. Different sensitivity to cryopreservation of various recep- 
tors of one and the same cells was verified in the experiments [13] with 
cryopreserved bone marrow when analyzing the state of CFU-GM: following 
cryopreservation these cells lost sensitivity to a colony-stimulating activity of the 
conditioning medium (GCT), while maintaining sensitivity to the factors of the 
feeder layer. 

Conformational rearrangements of the glycoprotein complexes, protein-lipid 
components, shedding, stipulated by changes in pH of the medium, concentration 
of salts, temperature, nucleation during cryopreservation, may underlie a reduc- 
tion in the ability of the Thy-1 + cells of the bone marrow, including hemopoietic 
cells - CFUs, to attach to a MAB-antigen of Thy-1.2 [5 J. Besides, a temporary 
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inhibition of the metabolic activity of hemopoietic cells after cryopreservation was 
verified. For example, CFUs, modulated by a Thy- 1.2 antigen ("withdrawal" of a 
Thy- 1.2 antigen by forming a complex antigen+antibody+antibody), 
demonstrated a manifested slowing down of the rate of synthesis of the said struc- 
tures as compared with the dynamics of the similar processes in the native antigen- 
modulated CFUs [5 ]. Hence, judging from the above changes in the state of Thy- 
1.2 of the membrane structure it may be concluded on the cryopreservation to ap- 
parently result both in the changes of the state of the antigen-receptor structures 
of hemopoietic cells, and in a decrease in their generation due to inhibition of the 
metabolic processes. On the whole this results in the impairments of the intercel- 
lular interaction, and finally, of the functional status of hemopoietic cells. 

Application of molecular-genetic, immunologic methods of investigation 
yielded the data on the submolecular structure of some receptor molecules of 
hemopoietic cells and on the functional role of their separate domains. However, 
the problem on the paths of regulation of the interrelations between the receptor 
and various components of the cell is very complicated. It remains unclear to which 
extent various mechanism of the signal transmission are stipulated in every par- 
ticular case by the receptors of various types, and how many receptors are there all 
in all. 

Thus, a conducted survey of the literature reports testify to the availability of 
the membrane structures on hemopoietic cells, which realize a wide range of func- 
tions. Most of them arc sufficiently labile, and, probably, most "vulnerable" to the 
action of unfavorable factors of the environment, cryopreservation including. Ap- 
plication of cryoprcserved bone marrow in experimental and clinical practice and a 
verified phenomenon of the impairments of the myelotransplant functioning in the 
recipient organism determine the necessity to newly evaluate the state of the 
cryopreserved hemopoietic tissue and develop the methods of cryopreservation for 
this material. That is why one of the criteria of the efficiency of one or the other 
method of cryopreservation of hemopoietic cells is provision for a functionally ac- 
tive state of their membrane-receptor structures. Evaluation of survival of the 
membrane-receptor structures should be included into the evaluation of the mor- 
phofunctional state of hemopoietic cells as a whole. The data on the changes in the 
expression of antigens and functional activity of the receptor structures of 
hemopoietic cells after cryopreservation will make it possible to establish new 
mechanisms of the protective action of the bone marrow being transplanted. Con- 
sidering a possible modification of the antigen-receptor spectrum of the 
membranes of hemopoietic cells after cryopreservation and the ability of the 
humoral substances to enhance the expression of the surfacial structures, applica- 
tion of the inductors-stimulators of the expression of receptors to the regulatory 
hemopoietic factors with the aim of increasing the efficiency of utilization of the 
cryopreserved bone marrow becomes very promising. 

ABBREVIATIONS: 

GM(G)-CSF-granulocyto-macrophagal (G - granulocytic) colony-stimulating factor 

GC - glycocorticoids 

ICC - immunocompetent cells 

IL-interleukin 

IL-1P- receptor to 1L-1 

IF - interferone 

CFU-GM - colony-forming units, which form colonics, comprising granulocyto-macrophagal cells 

CFUc(s) - colony-forming unit in the culture (spleen) 

SPR - sarcoplasmic reticulum 

PDE - phosphodiesterase 

FTN - factor of tumor necrosis 

5-FU - 5-fluorouracyl 
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A.M.rO/lbUEB. CflJiyUEHKO, Jl.B.OCTAHKOBA, T.r.flySPABA, O.B.OflAHACEHKO 

MEMBPAHHi CTPYKTyPM, HKl BM3HAHArOTb OEHOTMnlHHi XA PA IC- 
TERIC™™ I OYHKUiOHA/lbHl/ll/l CTATYC KPOBOTBOPHMX 
ICnlTHH; MOX/IMBA MOAH^iKAUm niA A^K) OAKTOPlB KPlOKOH- 
CEPBYBAHHfl. HACTHHA II 

iHCTHTyT npo&neM Kpio6iojiorii i KpioMc^nuu hu HAH V Kpamn, M.XapKiB 

npoaoBJKena xapaKTepMCTMKa pajty noBepxHeBMX crpyxTyp kdobotbophhx xniTHH xicrxoBoro 
mo3kv Ta po3rji8HyTa Ix yMacn. b peuenujl peryjurropHMx CMmajiiB, axi 3a6ecneqyiOTb reMonoea. 
HaBeacHi aani. axi cni.vnm, npo 3MiHy (pyHKuiOHSUibHOl axTMBHOCTi reMonoenmHHX kjiIthh b 
pe3y^bTa-ri nopyuieHHS (MOAH<pixau.iD craHy aHTMreHHHx CTpyxTyp nioia KpioKOHcepByBatma. 

A.H.rO/lbUEB, E-A /IYUEHKO. Jl.B.OCTAHKOBA. TT^YBPABA. E.B.OF1AHACEHKO 

MEMBPAHHblE CTPYKTYPbl, OnPEAEJlflrOLMME CDEHOTMni/lHE- 
CKME XAPAKTEPHCTMKM M CDYHKUMOHA/lbHbll?l CTATYC 
KPOBETBOPHblX K/IETOK; B03MOXHAH MOAMOMKAUMfl nOA AEfl- 
CTBMEM OAKTOPOB KPMOKOHCEPBUPOBAHMfl. HACTb II 

HHCTHTyT npodneM KpHOOHonorHH h kphomciuumh m HAH V Kpan n w , r.XapbKOB 

IlpoflOJDKeHa xapaxTepHCTMxa paaa noBepxHOcmbix crpyxTyp KpoBeTBopuwx kjictok xocthoto 
M03ra m paccMOTpeHO mx yuicTue b peu.enu.MH peryjisrropubix cnmajioB, o6ecne<<HBaiomHx reMono33. 

npMBeflCHbl AaHHbie, CHlClCkMhCTByiOmHe 06 H3MCHCHHH (bVHKUMOHajIbHOH aXTMBHOCTM 

reMono3TMMecKMx KjieTOx b pe3yabTaTe HapyuieHHn (MOAH<pHxau.HH) cocto»hh8 a u rnre hh u x crpyxTyp 
nocne xpHOKOHCepBMpoBaHHa. 



UDC 57.043:577.01 1 2:595.767.29 

A.K.Gulevsky, V.V.Ryazantsev, E.A.Grischenkova, 
L.I.Relina 

ALTERATIONS IN PROTEIN SPECTRUM OF A TENEBRIO 
MOUTOR LARVAE DURING COLD ACCLIMATION 

Protein spectrum of the tissues of Tenebrio molitor (family of Tenebrionidae) larvae, which avoid 
freezing, was studied under various temperature modes. A method of SDS-electrophoresis in polyacryl 
amide gel (PAAG) showed that during low temperature acclimation of larvae a possibility of the ap- 
pearance of a 65 kDa protein significantly increases as compared with that in the control samples, kept at 
room temperature. A considerable reduction in the content of the given protein in the samples, which prior 
to acclimation were injected with the inhibitor of translation - cycloheximide, supports a possibility of 
synthesis of this protein during cold acclimation de novo. 

Currently one of the urgent problems of cryobiology is the study of the 
mechanisms of the adaptation responses of animals to cooling. It was reported else- 
where [6 ] that during cold acclimation the proteins with molecular masses of about 
9 kDa are accumulated in the organisms of some animals, insects, in particular, 
which avoid freezing. These proteins facilitate supercooling of the extracellular 
fluids of the body down to-9-s — 20 °C [2-5 1, depending on the type and conditions 
of cold acclimation. Besides, some enzymatic systems are also activated, which are 
responsible for the synthesis of the low molecular antifreezers of the non-protein 
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nature [2-5, 7, 8 ]. The data submitted testify to a programmable alteration of 
biosynthetic processes in the cells, thus facilitating cold acclimation of animals; in 
general the newly synthesized proteins may be designed as proteins-adaptogenes. 
It cannot be excluded that beside the above low molecular proteins, the synthesis 
of which is activated on cold, the period of acclimation witnesses activation of syn- 
thesis of other proteins-adaptogenes, in particular, shaperon proteins, etc. [5 J. 
With the aim of identifying the spectrum of proteins, which are synthesized during 
cold acclimation, the authors performed a study of the quantitative and qualitative 
spectrum of proteins out of the tissues of the larvae Tenebrio molilor 
(fam.Tenebrionidae), which avoid freezing. 

The larvae Tenebrio molitor (fam. Tenebrionidae) out of the laboratory 
population were used in the experiments. The average weights of the larvae were 
100-150 g. The larvae were acclimated at 2-4, 7-10, 12-15 °C in the refrigerator. 
Some larvae were acclimated under the conditions of a prolonged photoperiod (18- 
hour light:6-hour darkness). The inhibitor of translation - cycloheximide - was 
injected to the larvae at a dose of 3/*g/species using a Hamilton syringe. The con- 
centration of the cycloheximide solution was 1 um/ 1 u\. Every larva was 
homogenized in a glass-made homogenizer in 400 u\ 0.1 M phosphate buffer, /;// 
8, to which an alcohol solution of phenyl methylsulphonyl fluoride (PMSP) - the 
inhibitor of proteases - was added until a finite concentration of 0.3 /ig/ml for in- 
activating proteases. A 96%-ethanol solution was added to the aliquote of the 
homogenate in a 1:1 ratio [6 ]. Extraction was conducted with intensive stirring for 
25-30 min. Then the samples were centrifuged (3000 rpm for 5 min). The super- 
natant (alcohol extracts) were collected for subsequent experimentation. With the 
aim of preparing the samples for DCH-electrophoresis 50 p\ of the supernatant 
were mixed with 50//1 of the buffer for dissolving the samples (0.05 M /ro-HCl, pH 
6.8; 20%-glycerol; 0.003 M trylon B; 2%-dodecyl sodium sulphate; 0.4 mg/ml 
sodium aside; 0.1 mg/ml PMSP; 5%-mercaptopropanediol; 0.01% bromphenol 
blue), and boiled for 3 min on water bath. In some experiments the samples were 
prepared from the mixture of the alcohol extracts, collected from 5-6 larvae. The 
samples were stored in a freezer at -10 °C. A 
DCH-electrophoresis was performed in a 
polyacryl amide gradient gel (12.5-25%) ac- 
cording to a routine technique [1 ). Fixation and 
staining of proteins in the gel was conducted as 
described elsewhere [ 1 J. 

Fig. 1 shows the data on a DCH- 
electrophoresis in PAAG of proteins of the al- 
cohol extracts, isolated from the tissues of the 
larvae T. molitor. It follows from Fig. 1 (the 
samples 1 and 2 demonstrate the protein spectra 
of the acclimated and non -acclimated larvae, 
respectively) that after cold acclimation, lasting 
for 14 days and longer, there occurs a change in 
the qualitative composition of the proteins; in 
particular, a pronounced appearance of the band 
with a molecular mass of 65 kDa is observed. At- 
tention is to be paid to the changes in the frac- 
tions 30 kDa, 16-18 kDa and 5-10 kDa. It is evi- 
dent that some components of these fractions, 
which are available in larvae, kept under ac- 
climation conditions, are missing in control lar- 
vae, in particular, those of 30 and 5-10 kDa; 




kDa 



— (S 



Fig. 1 . Electrophoregram of the alcohol- 
soluble proteins out of the tissues of the 
non-acclimated larvae Tenebrio molitor 
(1), acclimated larvae (2), deacclimated 
larvae (3), larvae acclimated in the 
presence of cycloheximide in vitro (4) . M 
- markers of molecular mass 
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however, a group of proteins of 16-18 kDa in the acclimated larvae is reduced con- 
siderably. There are also certain differences in the range of 80 kDa, however, the 
authors failed to acknowledge whether there exists a dependence between the 
temperature, at which the insects are kept, and the nature of changes in this area. 
Apparently, these differences relate to the individual intrapopulation protein 
polymorphism. The analysis of the reports available showed that the data on the 
molecular masses, determined by a DCH-electrophoretic method (i.e under 
denaturating conditions) , on the ethanol-soluble proteins and peptides, which ap- 
pear during acclimation, are missing at the moment. As reported elsewhere [6 ] at 
least one of the components of the alcohol extract out of the tissues of the cold-ac- 
climated larvae T.molitor, which possesses thermohysteresis activity, is of the 
molecular mass of 9 kDa, which was determined by a method of gel-filtration, i.e. 
under conditions, which provide for the maintenance of the native conformation of 
peptides. Due to this it seems difficult to compare the authors' results with the 
results obtained by other researchers when studying antifreeze-proteins. 

It should be noted that the protein with a 65 kDa protein is present in some 
species at room temperature (approximately in 25% of species out of the studied 
selection) . Following acclimation the amount of species, which contain this protein, 
increases up to 75%. Upon return of the insects to room temperature (the authors 
called this process "deacclimation") , the protein spectrum starts to change, and by 
the 7th day the protein samples of the deacclimated larvae become similar to those 
of the non-acclimated larvae <sample 3 in Fig. 1 ; approximately in 25% of the deac- 
climated samples the protein 65 kDa is identified). 

It is worth mentioning that the qualitative changes in the protein spectrum, at 
least those in the band of 56 kDa, are related, apparently, to the protein synthesis 
de novo, since its appearance is blocked upon injection of the translation inhibitor 
- cycloheximide - into the organism (sample 4 in Fig. 1). The densitometry data 
testify to the fact that a reduction in the content of the given protein in the larvae, 
injected with cycloheximide, was 50% as compared with the content of this protein 
in the acclimated larvae, which were not injected with the inhibitor of the protein 
synthesis (relative content of a 65 kDa protein was 32.4 and 16.3% for the ac- 
climated larvae without injection of cycloheximide and the larvae, acclimated after 
cycloheximide administration, respectively). It should be noted that injection of 
cycloheximide results in a minor reduction of the protein content in the obtained 
samples on the whole. Only 32% of the acclimated larvae, injected with 
cycloheximide, demonstrated appearance of a 65 kDa protein. 

Elsewhere [8 ] it was reported that initiation of the synthesis of the antifreeze 
proteins occurs under the influence of a short-term photoperiod (10-1 1 -hour light: 
13-14-hour darkness) . There is the evidence of the fact that antifreeze proteins are 
synthesized in the larvae, which are kept in darkness and exposed to a certain 
temperature (8 hours at 25 °C:16 hours at 17 °C). In this respect the authors 
studied the action of the prolongation of the photoperiod and illumination on the 
appearance of a 65 kDa protein during low temperature acclimation. Some larvae 
were acclimated during a long-term photoperiod (18-hour light:6-hour darkness) , 
and these larvae also demonstrate the appearance of a 65 kDa band. Besides, some 
larvae were deacclimated in the darkness. A 65 kDa protein was missing in the 
protein patterns of the larvae, deacclimated in the darkness. The data obtained 
make it possible to conclude that the reason for the appearance of a 65 kDa protein 
is just the lowering of the temperature. Apparently, this protein belongs to the 
group of the cold proteins-adaptogenes, which differ from the antifreeze proteins 
and the regulation of the synthesis of which is realized by other means. 

Thus, during low temperature acclimation (with the prolongation of more 
than 7 days) there become evident quantitative and qualitative changes in the 
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protein spectrum in the acclimated larvae Tenebrio molitor, which is supported by 
the data of a DCH-elcctrophoresis in PAAG. It was found that during acclimation 
under the lowered temperature the new protein band appears with a high frequen- 
cy, which corresponds to the protein with the molecular mass of 65 kDa. This band 
is missing in most species of the population at room temperature. A probable syn- 
thesis of this protein de novo is supported by a significant qualitative reduction of 
the given band in the protein patterns of the species, which were injected with 
cycloheximide prior to acclimation. 
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O.K.ry/lEBCbKUfl. B.B.PH3AHUEB. COTPHIHEHKOBA. /l.i.PE/llHA 

3MIHM y Bi/IKOBOMY CriEKTPi J1MHMH0K TENEBRIO MOLITOR, Y 

nEPiOA xo/ioaobot akk/iimauit 

iHCTHTyT npooVieM Kpio6iaaorii' i k pioMcjnminn HAH Y Kpamn , m. XapiciB 

npOBcaeno flocniflJKCHHfl cncKTpy 6biKiB 3 ncaiiMH yHMicaioiMX 3aMep3aiiHii jimmmhok Tenebrio 
molitor (po/j. Tenebrionidac) b vmoewx pi3imx TeMnepaTyptmx pokmm'ib. MeTOAOM ACH- 
e^CKTpo<bope3y y riAAH 6y.no BcraHoaneno, mo npw HHSbKOTCMnepaTypniM aKiuiiManii /immmhok 
BiporifliiicTb nosiBM npoTdiiy 65 Kjfla 3naMno 3pocTae y KOHTpoJibiinx o6'eKTax, nxi yrpuMyBajiMCi. b 
yMOBax KiMHBTtioT TeMncpaTypM. CyircBa pc;iyKnin BMicry naHoro6LnKa y 06'eKTiB, hkmm iianepe;io/uii 
aKKJiiMau.il 6yB bbcaciihm inri6iTop Tpancnflu.IT - i luk-'iopckchmu, hkjuvc tia Mo>KjimiiCTi> cmiTesy uuoro 
6ijiKa b yMOBax xojioaoboI aKicniMau.iT de novo. 

A.K.ry/lEBCKWl?l. B.B.PH3AHI4EB. O.O.rPHmEHKOBA. /1.M.PE/1MHA 

M3MEHEHMA B CnEKTPE BE/1K0B /ll/IHUHOK EO/lbWOrO MYHHOrO 
XPYU4AKA TENEBRIO MOUTOR B nEPMOA XO/lOAOBOtf AKK/IMMA- 

MHCTHTyT npofvieM kphoohojioi-hh h k puomlvih nn h i>i HAH YKpaHHbi, r.XapbKOB 

npcBeaeHO MccneaoBaiiMe cncKTpa 6cjikob m3 TKaHcii M36eraiom.Mx 3aMep3anH« jimmmhok 
oojibuioro MyMnoro xpymaKa Tenebrio molitor (ceM. Tenebrionidac) b ycnoBn«x paanHMHbix 
TeMnepaTypHbix peacHMOB. MeTOflOM ACH-anexTpocbopeaa b nojinaKpmiaMMflHOM rejie (IXAAD 6mjio 
ycraHOBjieHO, «rro npn hh^otcm i lepaiy pnoii aKKjiMMaiutM jimmmhok BepoflTHocTb nouBjieiiMsi npoTeMiia 
65 K, ! la 3HaMMT&nbHO B03pacTaeT no cpaBHeiiMio c TaKOBOM y koiu po.-ibiu.ix ocooeft, coAcpxcauiMxcn b 
yonoBHsix KOMHaTiioH TeMnepaTypw. CymecrBCHHaa peoyKUHti coacpwaiiHH aa uuoro 6cjiKa y ocooeii, 
KOTopuM HaKatiyHc aKKjiMMauMM 6mji BBCflcn MHm6nTop TpaHcnflUMM - UHioioreKCMMMfl, yKaabinaeT na 
B03Mo>KnocTb CHHTe3a 3T0TO 6ejiKa b yoiOBMflx xojioflOBOM aKKjiMMauMM de novo. 
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CRYOPRESERVATION OF BIOSYSTEMS 



UDC 61 1 .36.018.1 :57.043:577. 1 :61 6.36 

N.P.Subbota 

FUNCTIONAL STATE OF NATIVE AND CRYOPRESERVED 
ALLOHEPATOCYTES, DESTINED FOR CLINICAL APPLICATION 

The authors studied the structural state, respiratory and protein-synthesizing activities, capture of 
xenobiotic biphenyl by native and cryopreserved hepatocylcs of human fetal and cadaver livers, destined 
for clinical application. There were developed the methods of cryopreservation of hepatocytes in the 
medium with low concentrations of cryoprotectants without reducing their survival rate. 

One of the promising trends in the up-to-date medicine is application of 
biological substrata of the the alloliver, isolated cells including, for treatment of the 
endotoxicoses of various etiology [2, 7 ]. A limited application of this method in 
clinical practice is due to the absence of the simple inexpensive methods of isolating 
viable cells, and of the adequate methods of evaluation of the viability at the stage 
of collection and long-term storage. The aim of the work was to study the structure- 
functional properties of hepatocytes following their isolation out the fetal human 
and cadaveric livers and cryopreservation. 

For collecting hepatocytes use was made of human cadaveric liver, granted by 
the N.V.Sklifosovsky Scientific-Research Institute of Intense Care (Moscow, Rus- 
sia) . The period of the organ ischemia did not exceed 1 .5-2.0 hours. Contraindica- 
tions to collection were the information of the intense care medical service on the 
injury or illness of the organ, and the absence of the corresponding note of the 
forensic medical expert. The cells were harvested out of the donor material with the 
absence of the pathologic processes (cirrhosis, hepatitis, fat dystrophy) using the 
method, described elsewhere [10 1. Hepatocytes out of the human fetuses of the 
later terms of development (16—26 weeks) were collected as described elsewhere 
[4 ] in the course of artificial birth deliveries by medical indications in the Depart- 
ment of the Pregnancy Pathologies of the 1st Municipal Hospital of Kharkov. The 
contraindications to collection were supplied by the anamnesis of the pregnancy. 
With the aim of the long-term storage of hepatocytes the subzero temperatures (- 
196 °C) were used. Freezing was performed with the use of two modes: a two-stage 
one, using slow rate of freezing (1 °C/min) down to -60 °C, followed by a tempera- 
ture stop of 3-5 min, and subsequent immersion into liquid nitrogen (mode 1 ) . The 
second mode involved only one-stage freezing at a rate of 1600 °C/min (mode 2). 
Freezing according to mode 1 was realized with a UOP-6 programmable freezer, 
and according tc mode 2 - with a method, described elsewhere [11 J. With the aim 
of cryoprotection of hepatocytes in the process of freezing use was made of 3% - or 
10% -solutions of dimexide (DMSO) and glycerol. The viability of hepatocytes was 
evaluated by trypan blue staining. The number of cells was counted in a 
Goryayev's chamber. Histologic studies were conducted as described in [6 ], and 
the cell fine structures were investigated as described elsewhere [9 ]. 

The level of endogenous respiration and stimulation by the increasing (1 mM, 
10 mM) concentrations of succinate was evaluated in the medium, containing 
(mM) : KCL - 5.0; dithiotretoil - 2.0; KH2PO4 - 0.4; NaHP0 4 - 0.4; EDTA - 2.0; 
sucrose - 250.0; albumin - 1% using a Clark electrode with a PA "Prague" 
r polarograph. The cell concentration in 1 ml was 2xl0 6 on the average. A protein- 
synthesizing ability of hepatocytes was determined by incorporation of labeled 
amino acids into total proteins [5 ]. Capture of xenobiotic by hepatocytes was 
measured according to the fluorescence intensity with a Hitachi MPF-2A 
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spectrofluorimeter [ 12 ] after 20-min incubation (37 °C) of the cell suspension with 
7QuM biphenyl. 

Viability of the suspension of the 
isolated hepatocytes was 75-80%. The 
cells were characterized by the main- 
tenance of the structure of the plasma 
membrane, cell organelles (Fig. 1). After 
freezing of the suspension of hepatocytes 
both according to modes 1 and 2 the im- 
pairments in the structural organization 
were incompatible with the processes of 
their vital activity. Most cells are 
destroyed, debris with hyperchromic 
nuclei is often found. Single survived 
cells are deformed, their shapes are un- 
usual, and the cytoplasm is dense. 
Mitochondria of these hepatocytes are 
increased in size, deformed, their outer 
membranes and crysts are virtually 
missing. Extensive ruptures of the inner 
membranes hydration-induced lighten- 
ing of the matrix are also observed. 

A comparative study of the func- 
tional activity of the native hepatocytes of 
cadavers and human fetuses showed 
some age-dependent peculiarities. A 
prolongation of the terms of development 
of the fetuses from 16 to 26 weeks brought about a tendency towards rising the level 
of endogenous respiration and reducing stimulation of the respiratory activity by 
exogenous succinate in the isolated thawed cells. 

Table 1 



Effect of the mode of freezing, type and concentration of cryoprotectant on the morphofunctional 
properties of human fetal hepatocytes (26 weeks of development), n-5-7 





Parameter under study 


Experimental 
conditions 


Rate of endogenous 
respiration, nM 
O 2 /min/10« cells 


Factor of stimulation of 
endogenous respiration by 
succinate 


Viability, trypan blue 
staining, % from control 


Control 


10,3±1,2 


1,24±0,1 


75 


In the medium without cryoprotectant 


Model 
Mode 2 


4.3±0.18 
5.0±0.1 


2.4±0.18 
2.6±0.2 


35 
35 


In the medium with crvoprotectants 


Mode 

1+10%-cryoprotectant 

Glycerol 

DMSO 


6.47±0.2 
7.04±0.3 


2.20±0.15 
2.14±0.14 


65 
68 


Mode 

2+3% -cryoprotectant 

Glycerol 

DMSO 


6.1±0.2 
6.5±0.1 


2.20±0.I5 
2.03±0.10 


70 
65 


Mode 

2+10% -cryoprotectant 

Glycerol 

DMSO 


6.2±0.2 
6.4±0.4 


2.20±0.10 
2.45±0.20 


65 
68 



Note: p < 0.05 as compared with control. 



Investigation of the influence of the rates of freezing demonstrated an inhibi- 
tion of the hepatocyte ability of every studied group to eliminate a vital stain, in- 




Fig. I. Morphological survival of the hepatocytes, 
isolated from the cadaver liver of adult human 
donors (hematoxylin, eosin) : a- X400, b - X9500, 
c - X36200. d - X64500, reduction during 
reproduction was 3/5 
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corporate labeled amino acids into summary proteins, as well as acceleration of the 
oxidation rate of the exogenous succinate, which testifies to the impairment in the 
integrity of the plasma membrane and alteration of its barrier properties (Table 1 ) . 
Incorporation of the labeled precursors into summary proteins of the thawed 
hepatocytes of human fetuses, aged 24-26 weeks of development, and cadavers was 
inhibited considerably and showed poor dependence on the rate of freezing, com- 
prising on average 30% of the control values (Table 2) . 

Table 2 

Effect of the mode of freezing and cryoprotectants on morphofunctional properties of cadaveric 
hepatocytes, n-7-10 



Mode of freezing 


Concentration of 
cryoprotectant, 

% 


Viability of 
hepatocytes, % 


Incorporation of amino acids into 
summary proteins of hepatocytes, 
pulses/min GS cells 


Model 


DMSO 


10 


75 


36230+96 




Glycerol 


10 


72 


28253+100 


Mode 2 


DMSO 


3 


68 


39925±120 




Glycerol 


3 


60 


27421 ±91 




DMSO 


10 


72 


39000±112 




Glycerol 


10 


60 


28006 ±120 



r 

* 60 



8 



20 



a b c 

— + KP 



--KP 



The ability to capture xenobiotic biphenyl by cadaveric hepatocytes after 
freezing them according to mode 1 in the medium without cryoprotectant was 
reduced on average by 50%. When accelerating the rate of freezing (mode 2) this 
index increased by 10% and did not differ from the values, obtained with this rate 
of freezing for human fetal hepatocytes aged 24-26 weeks of development (Fig. 2). 

-ioo-i 1 With the aim of protecting 

I hepatocytes during low temperature 

preservation the authors used two ap- 
proaches: acceleration of the rate of 
freezing in the one-stage modes and ap- 

1 I — plication of combined rates at the stages 
J 40 of freezing with involvement of a 

temperature stop. Acceleration of the rate 
of freezing results in the formation of the 
finely granular ice structure, weakening 
of action of such damaging factors as 
dehydration, dehydration of macro- 
molecules, a rise in the concentration 3 of 
electrolytes and other solutes, slow in- 
jury of cells by the intracellular ice, etc. 

Freezing with the rate of 
16000 °C/min makes it possible to reduce 
the effective concentration of the cryoprotectant down to 3%. If 3%-DMSO was 
present in the medium for freezing of hepatocytes, then the indices of incorporation 
of amino acids into summary proteins and capture of biphenyl were maintained at 
a higher level (Table 2, Fig. 2) as compared with 3% -glycerol. A rise in the DMSO 
concentration up to 10% in the medium and a change in the mode of freezing did 
not produce additional protective effect: viability of the thawed hepatocytes was 
practically similar after freezing according to both modes. 

The analysis of changes in the functional activity of hepatocytes from human 
fetuses of 24-26 weeks of development after freezing according to the modes 1 and 

2 showed that application of a 3%-glycerol or 3%-DMSO during one-stage 
suprarapid freezing provides for the same effect as regards to the studied 
parameters, as that of a two-stage freezing in the medium with 10% -DMSO. In 
fetal hepatocytes, frozen according to mode 2, viability was maintained at a level 



Fig. 2. Effect of the rate of freezing, type and con- 
centration of the cryoprotectant on capture of 
biphenyl by allogenic hepatocytes: 1 - two-stage, 
2 - 200 C/min, 3 - 16000 C/min; a - 10%- 
DMSO, * -:%-DMSO, c -3%-glycerol; KP - 
cryoprotectant 
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similar to that after cooling according to mode 1 , however, incorporation of the 
labeled amino acids and the rate of endogenous respiration were significantly 
higher, as compared with the hepatocytes, frozen according to mode 1 (Table 1). 
A stronger manifested cryosusceptibility of hepatocytes, isolated from human 
fetuses, should be mentioned as compared with that of cadaveric liver hepatocytes. 

Thus, the results obtained testify to the fact that in the isolated hepatocytes, 
frozen in the medium with cryoprotectants according to the described modes, the 
ability to of the subcellular structures (e.g. mitochondria and endoplasmic 
reticulum) to interact is maintained , which is very important for clinical application 
of hepatocytes, since it is impossible in the injured cells. In particular, a directed 
regulation of the processes of biotransformation of xenobiotics is maintained, 
which provides for enhancement or weakening of the activity of microsomal oxida- 
tion. It is of special importance since the first stages of metabolism of some 
xenobiotics [1 ] are known to occur in the cytosol, while intermediate products are 
metabolized in mitochondria. It follows from the above that one of the criteria of 
applicability of hepatocyte suspension to cryopreservation and subsequent clinical 
usage should be a high level of viability of hepatocytes, which may be achieved only 
when all the membrane structures of the cells, which are involved into such impor- 
tant processes as bioenergetics, protein biosynthesis, xenobiotic detoxication, 
remain intact. 

Reliability of the developed methods of harvesting and cryopreservation of 
human fetal and cadaveric hepatocytes with regards to the maintenance of their 
structure-functional properties was supported not only by experimental investiga- 
tions, but by the efficiency of their practical application for extracorporal treatment 
of hepatic insufficiency in 69 patients (poisoning by mushrooms and hepatotropic 
poisons - CCU, dichlorethanol, etc.) with fixation of hepatocytes on the semiper- 
meable membrane (175 cell dialyses) [13 J. At the same time the observed [8 ] 
higher efficiency of conducting "cell" therapy with hepatocytes as compared with 
other detoxication methods requires accurate and detailed knowledge on the 
mechanism of their action, since as reported elsewhere [3 ], it is provided for not 
only by a high sorption ability of the cells, but also by some other mechanisms 
which haven't been "deciphered" yet. 
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H.n.CyBBOTA 

OYHKUiOHA/lbHUCl CTAH HATMBHMX i KPlOKOHCEPBOBAHMX AJ1- 
JlOrEnATOUMTlB, HKl nPM3HAHEHl AO K/llHlHHOrO 
BWCOPUCTAHHfl 

Ihcthtvt npo&neM Kpio6io/iorii i k pioMeau hh h h HAH YicpaiHH, m. XapiciB 

BuBMeHi crpyKTypHMfl craH, flMxajibHa Ta 6LnoKCHirre3yiOMa aKTHBHOCTi, 3axBaT KceHo6ioTMxa 
6i(penn.ia hbtmbkhmh i xploKOHCepBOBaHMMH renaTomrraMH ne<tiHKM ruiofliB jiioamhm i xanaBepiB, stci 
npM3Ha<ieHl ao KjiiHiMHoro nnKopncTannH. Po3po6;ieni mctcuh KpiOKOHCepBysaHHa renaTOUMTiB y 

CepeSOBMnii 3 HM3bKMMM KOHUCHTpaui HMH npOTCKTOpiB 6c3 3MeHUieHHH ix )K MTT€3AaTHOCTi . 

H.n.CyBBOTA : 

cDYHKUMOHA/lbHOE COCTOflHME HATMBHblX M KPMOKOHCEPBH- 
POBAHHblX A/1/1 OTEnATOUMTOB, nPEAHA3HAHEHHblX #18 
K/lUHMHECKOrO l/ICnO/lb30BAHl1fl 

HHCTHTyT npo6/reM KpHOOHanorwi h k p h o m cmt u, m h w HAH YxpaiiHbi, r.XapbKOB 
Ha vmchi,! crpyxTypHoe coctohhmc ju.ixaTe.ii.ua a m 6e^OKCHHTe3MpyK>maa aicTMBHOCTb, 3axsaT 

MejiOBeKa v\ xanaBepOB, iipeflnaan.meHH 1,1 mh pjin kjimhhmcckoto h c n o.i i>30 bq hum. Pa3pa6oTatibi mctoaw 

KpMOKOHCepBMpOBaHMfl If IiaTOHHTOB B Cpefle C HH3KMMM KOHUCHTpaUHHMH npOTeKTOpOB 6e3 
yMeHbllieHHB MX JKM3HeCnOC06HOCTM. 



UDC 612.1 1.7:615.387 

A.N.Nikolenko, A. M. Kompaniets, V.I.Lougovoy 

CRYOPROTECTIVE PROPERTIES OF POLYOLS AND THEIR 
DERIVATIVES DURING FREEZING OF PLATELETS 

Cryoprotective properties of 1 .2-propanediol and alkyl-, etoxy-derivatives of a classical 
cryoprotectant glycerol were studied during freezing of platelets. It was found that together with glycerol 
the highest cryoprotective ability was characteristic of 1. 2-propanediol, 1-monomethyl ether of glycerol 
and oxyethylated glycerol (OEG, n-5) among the studied substances. 

There are two approaches to solving the problem of platelet cry ©preservation: 
on the one hand, it is a search for the conditions, providing for a reduction in 
cytotoxicity and enhancement of cryoprotective action of traditional cryoprotec- 
tants, on the other - a search for new cryoprotectants, possessing low toxicity and 
sufficient cryoprotective efficiency towards platelets. The authors applied a com- 
plex approach to the search for new cryoprotectants, which involves a directed syn- 
thesis of new substances using chemical modifications of the known cryoprotec- 
tants, study of their physical-chemical and cryoprotective properties, as well as of 
the nature and peculiarities of their influence on a cryobiological system [2, 3 ]. 
The aim of the present study was to investigate cryoprotective properties of 1.2- 
propanediol and derivatives of a classical cryoprotectant glycerol during freezing of 
platelets. 
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Human platelets, harvested by differential centrifugation into plastic bags of 
a 'Hemakon' type with a glugicir preservative, were used in experiments. The fol- 
lowing substances were studied out of the polyol series: 1 .2-propanediol ( 1 .2-PD) , 
glycerol, i.e. the substances which are commercially produced, 1-monomethyl (1- 
MMEG), 1.3-dimethyl (1.3-DMEG), 1.2-dimethyl (1.2-DMEG), 1.2-diethyl 
(1.2-DEEG), 1.3-diethyl (1.3-DEEG) ethers of glycerol, oxyethylated glycerol 
with the degree of polymerization of n-5 (OEG, n-5) - the substances, produced 
at the Department of Cryoprotectants of the Institute for Problems of Cryobiology 
and Cryomedicine of the National Academy of the Ukraine, Kharkov, under the 
supervision of LA.Khanina, Senior Research Fellow. The substances were 
prepared on the plasma ex tempore and were mixed with a platelet concentrate in 
a 1:1 ratio and finite concentrations of 2.5, 5 and 7.5%. The time of exposure was 
15-60 min. The samples of the platelet concentrate were frozen in polyethylene 
ampoules with the volumes of 1.5 ml at the rates of 1, 10, 20 and 30 °C/min down 
to -70 °C with subsequent immersion into liquid nitrogen. The frozen samples 
were thawed on water bath at 37 °C. Functional integrity of platelets was studied 
after preliminary elimination of the substances according to the following features: 
cell count in a Goryayev's chamber, morphological control with a phase-contrast 
microscope [6 ], determination of a retractile activity [2 ], ADP-induced aggrega- 
tion (photometric method) , responses to hypothermic stress (RHS) 14 1. A test, 
based on the measurement of the optical density of the platelet suspension with 
protective solutions prior to freezing and after thawing, was used in the study of 
platelet cryopreservation [5 ]. 

Table 1 

The effect of substances of a polyol class on the indices of the morphofunctional activity of 
platelets (30-min exposure, 22 °C; M±ra, n-11) 





Concent- 


The indices under study, % 


Substances 


ration of 
the sub- 
stance, % 


Amount 


Retrac- 
tion 


Aggregation, 
ADP-inductor (20 

DIM) 


RHS 


Content of discoid 
shapes. 


Control 


0 


100 


83±3 


71 ±4 


81±3 


79±7 


1.2-PD 


2.5 


98±2 


80±2 


65±3 


75±3 


73±3 




5.0 


97±3 


78±2 


62±3 
59 ±4* 


72±4 


69±5 




7.5 


95 ±3 


75±3 


69±4 


67±4 


Glycerol 


2.5 


94±2 


78±2 


61 ±5 


73±2 
61 ±4* 


70±4 


5.0 


92±2 


75±4 


65 ±4 
57±4* 


55±7* 




7.5 


86±3* 


68 ±3* 


47±6* 


49±8* 


1-MMEG 


2.5 


96±2 


76±3 


60±5 
58 ±4* 


75±3 
63 ±2* 


72±4 




5.0 


95 ±2 


74±4 
69±4* 


64±5 
55 ±6* 




7.5 


83±3* 


44 ±5* 


57±4* 


OEG (n-5) 


2.5 


95 ±2 


78±4 


59±5 


62±4* 


68±5 




5.0 


90 ±4 


69±4" 
66±3* 


50±4* 


50±3* 
33±3* 


58 ±5* 
50±7* 




7.5 


87±3' 


32±4* 


1.3-DMEG 


2.5 


96±2 


67 ±2* 
58±3* 
52 ±3* 


49±5* 


36±3* 
24 ±4* 
15±3* 


70±5 
52±6* 
39±8* 




5.0 


93±3 


36±5* 
22±4* 




7.5 


80 ±3* 


1.2-DMEG 


2.5 


89±2* 


42±2* 


32±4* 


20 ±3* 


32±8* 




5.0 


93 ±3* 
68 ±3* 


0 


0 


0 


0 




7.5 


0 


0 


0 


0 


1-MMEG 


2.5 


87±2* 
80±3* 
75 ±3* 


45 ±2* 
25 ±3" 


29±4* 
14±3* 


15±3' 
12±3* 


30±5' 




5.0 


0 




7.5 


0 


0 


0 


0 


1.3-DEEG 


2.5 


90±3' 


42 ±3* 


25 ±3* 
22±5* 


20±3* 
10±3* 


27 ±6' 




5.0 


86±3* 


20 ±3* 


0 




7.5 


80±3* 


0 


0 


0 


0 


1.2-DEEG 


2.5 


83±4* 


25 ±4* 


14±5* 


10±5* 


18±5* 




5.0 


75±3* 


0 


0 


0 


0 




7.5 


63±3* 


0 


0 


0 


0 



Note: • p < 0.05 as compared with control. 
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When studying cryoprotective properties of new substances it is important to 
investigate their cytotoxicity at the stage of exposure, which allows to select the 
substances with potential cryoprotective properties. The results of these studies are 
submitted in Table 1. It was found that out of 9 studied compounds the least 
manifested effect on the specific functions of platelets in the range of concentra- 
tions of 2.5-7.5% was exercised by 1.2-PD, glycerol, 1-MMEG, and OEG (n-5). 
Such features as the total amount of cells, retractile activity, were at sufficiently 
high level (80-98%) as compared with the initial value, independently of the con- 
centration of these substances and time of exposure (15-60 min) . At the same time 
maintenance of a discoid shape, characteristic of the intact platelets, changes in the 
response to hypotonic stress and aggregation properties of platelets were of a con- 
centration-dependent nature. It should be noted that it was the maintenance of this 
discoid shape and the extent of the response to hypotonic stress which are the most 
information-producing indices in vitro, describing morphofunctional integrity of 
platelets. Following exposure with 2.5% -solutions of glycerol, 1.2-PD, 1-MMEG, 
OEG (n -5) the content of the discoid shapes in the samples was not changed as 
compared with control. A rise in the concentration of substances in the cell suspen- 
sion reduced the amount of discoid shapes due to the appearance of the branch-like 
and spheric platelets. A significant lowering of the extent of the response to 
hypotonic stress, and aggregation were observed after increasing the concentra- 
tions up to 5 and 7.5%. It was found that the solutions, which contain 1.3-DMEG, 
strongly inhibited functional activity of platelets, especially the ability to respond 
to hypotonic stress. At the same time the amount of discoid plates after a contact 
with a 2.5%-solution of 1.3-DMEG did not differ from control. The most 
manifested inhibiting action of the specific functions was exercised by the solu- 
tions: 1.2-DMEG, 1-MMEG, 1.3-DEEG and 1 .2-DEEG. Already after a 15-min 
exposure with these substances the total amount of platelets was reduced, the 
retractile activity was decreased by 30-50% on average after exposure with 2.5%- 
concentration of the solutions, while 5%- and 7.5% -concentrations of 1.2-DMEG, 
1.2-DEEG and 7.5% -concentrations of 1-MEEG, 1.3-DEEG brought about the 
irreversible inhibition of the given function. Simultaneously the platelets lost the 
ability for an ADP-induced aggregation and response to hypotonic stress. After a 
60-min exposure the action of these substances was enhanced, which was 
manifested as the reduction of the total amount of cells and retractile activity, as 
well as the irreversible inhibition of aggregation and ability to respond to hypotonic 
stress when using 2.5% -concentrations of the solutions. 

The data, obtained when studying cytotoxicity of the substances of the same 
series with the structures, gradually getting more and more complicated, testify to 
the fact that prolongation of the length and a rise in the amount of alkyl radicals 
increase the cytotoxicity of the substances. The authors established a direct de- 
pendence between the cytotoxicity and hydrophobic nature of these compounds, 
which was determined by the factor of ditribution of the substances in an octanol- 
water system. 

A primary screening of the cryoprotective activity of the studied compounds 
(determination of the total amount of cells, retractile activity, as well as the meas- 
urement of the optical density of the syspensions with protective solutions prior to 
and after freezing) showed that, beside glycerol, 1.2-PD and 1-MMEG in a 2.5%- 
finite concentration at the rate of cooling of 1-10 °C/min exercised a highest 
cryoprotective action (Table 2). 

When using 5% -concentrations of 1.2-PD, 1-MMEG, and 2.5% -concentra- 
tion of glycerol, the indices of the platelet survival are reduced. After freezing the 
platelet concentrates under protection of 1.3-DMEG, 1.2-DMEG, 1-MMEG, 1.3- 
DEEG, 1.2-DEEG with the rates of 1 and 10 °C/min the total amount of cells was 
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1.2-PD Glycerol 1-MMEG OEG 

(■-5) 

The indices of the functional integrity of platelets 
after freezing under protection of polyols: I - 
amount of cells, 2 - retraction, 3 - aggregation, 4 
— response to hypotonic stress 



within the range of 65-80%. However, 
low indices of the optical density, retrac- 
tion of the plasma clot, and a complete 
loss of the retractile activity when using 
1.3-DEEG and 1.2-DEEG, do not allow 
to assume that the given compounds 
demonstrate cryoprotective properties 
already at the stage of screening. With 
the aim of determining the efficiency of 
cryopreservation of platelets with the 
substances under study the authors in- 
vestigated survival of the basic specific 
functions of blood plates. When freezing 
platelets with the rates of 1 and 
10°C/min under protection of 5%-con- 
centration of glycerol, on the average 70% of platelets were identified, while under 
protection of a 2.5-% concentration of 1.2-PD and 1-MMEG this figure equaled 
80% on the average, and an extremely labile, highly specific function of the 
platelets was maintained, namely, that of the aggregation activity. There were no 
significant differences in the level of the ADP-induced aggregation when using 
glycerol, 1.2-PD and 1-MMEG, and its values were as follows: 21 ±4 for glycerol, 
18±3 for 1.2-PD, and 24±3 for 1-MMEG as compared with the original level. 
When freezing platelets with glycerol, 1/2-PDand 1-MMEG with the rates of 1 and 
10 °C/min the response to hypotonic stress was maintained; the best results were 
obtained after cryopreservation with a 5% -glycerol solution and 2.5% -solutions of 
1.2-PD and 1-MMEG, and comprised 22±3, 19±4 and 23±3%, respectively 
(Fig.). Acceleration of the rate of cooling reduced the indices of the response to 
hypotonic stress, while cooling at a rate of 30 °C/min under protection of 1.2-PD 
and 1-MMEG completely eliminated the ability of platelets to respond to hypotonic 
stress. 

Table 2 

Survival of platelets, cryopreserved under protection of the substances of the polyol series under 
various modes of cooling (M±m; n-9) 



Substances 



Concent- 
ration of 
the sub- 
stance, % 


The indices understudy, % 


Amount of cells 


Retraction 


Optical density 








Rate of cooling. 


'C/mmh 








1 


10 


20 


1 


10 


20 


1 


10 


20 


2.5 


82+3 


80±3 


72+2* 


66 ±4* 


61 ±3" 


53 ±4" 


91 ±5 


89±3 


76+4* 


5.0 


87±4 


83±2 


73+3 


52±5 


50±4 


48+3 


80+3 


78*3 


75+3 


2.5 


60±3 


65±4 


72+2* 


3 9 ±6 


41 ±3 


30±4 


78±3 


76±4 


70±3* 


5.0 


72 ±4' 


72±3* 


76±3 


59 ±3' 


52±4" 


48+5* 


83±2 


81 ±3 


78±3 


2.5 


83±2 


81 ±2 


71 ±4* 


63±4 


59±3 


47 ±4* 


85±3 


80±3 


71 ±2* 


5.0 


85±4 


80±3 


68±3 


51±5 


49±4 


41 ±5 


79+4 


76+5 


70±3 


2.5 


80 ±4" 


76+2 


65 ±4* 


27+4" 


25±3" 


17±2* 


76±3 


73±4 


61+2* 


5.0 


69±3 


73±4 


80±3 


15±3 


10±2 


0 


73+2 


70±3 


66±4 


2.5 


70±3 


68±4 


60±4* 


20±4 


24±3 


30+5 


72+3 


70±5 


58+5* 


5.0 


79±2 


75±3 


67 ±3* 


0 


0 


0 


70±2 


67±4 


58 ±4* 


2.5 


69±3 


66 ±2 


59±4* 


20±3 


23±5 


0 


73±3 


71±4 


63 ±5 


5.0 


76±4 


70±3 


65±5 


0 


0 


0 


70±2 


66±3 


60 ±3' 


2.5 


71 ±2 


67±3 


60 ±3* 


0 


0 


0 


64±4 


60+6 


55+4 


5.0 


78 + 3 


73±2 


66 ±2' 


0 


0 


0 


61 ±5 


59±6 


53±3 


2.5 


63±4 


62±3 


52±4* 


0 


0 


0 


62±4 


60+4 


52±6 


5.0 


70±3 


68±2 


57±3" 


0 


0 


0 


58±5 


57±6 


50+5 


2.5 


76±3 


81 ±4 


7I±4 


54±4 


65 ±4' 


50 ±3 


81+3 


78±4 


70+3* 


5.0 


89±4 


80±3 


69±3 


51 ±5 


49 ±4' 


33±4 


82±3 


77±5 


75±4 



1.2- PD 
Glycerol 
1-MMEG 

1.3- DMEG 

1.2- DMEG 
1-MMEG 

1.3- DEEG 

1.2-DEEG 

OEG 
(n-5) 



Note: * - p < 0.05, the differences are significant with the rate of freezing of 1 °C/min; " - p < 0.05, the 
differences are significant between the figures for 2.5 and 5% -concentrations of the substances. 
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Since all the experiments with platelets were conducted for the first time, the 
authors investigated functional integrity of platelets after freezing with solutions of 
1.3-, 1.2-DMEG, 1-MMEG and 1.3-, 1.2-DEEG. It turned out that independently 
of the rate of cooling platelets irreversibly lost their specific functions: aggregation, 
response to hypotonic stress. Morphologically predominant were spheres with 
spine-like processes. The data obtained support the absence of cryoprotective 
properties towards platelets in the above substances, thus making it possible to 
recommend the usage of the primary screening only for simplifying and shortening 
investigations of the type. A few words are to be said about the oxyethylated 
glycerol - OEG (n-5) , which is a cryoprotectant with the exocellular mechanism of 
action. It was found that cryopreservation of platelet concentrates with protective 
solutions, containing 5 and 10%-concent rations of OEG (n-5), permits to preserve 
70-80% of platelets. The highest values of retraction, aggregation, response to 
hypotonic stress were obtained when cooling platelet concentrates under protection 
of a 5% -solution of OEG (n-5) with the rate of cooling of 10 °C/min, and were as 
follows respectively: 65±3, 19±4 and 17±4. 

Thus, the investigations conducted made it possible to identify a series of new 
substances, which seem to be promising for application as cryoprotectants when 
freezing platelets: 1.2-propanediol, 1-monomethyl ether of glycerol, oxyethylated 
glycerol with the extent of polymerization of n-5. 
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O.B.HiKO/lEHKO. A.M.KOMnAHieUb. B.fl.JiyrOBUfl 

KPiOnPOTEKTOPHl B/IACTMBOCTl nO/liO/llB TATX nOXlAHUX 
nPM 3AMOPOXyBAHHi TPOMBOUMTiB 

iHCTHTyT npofvieM icpio6io;iorii i KpioMeflHUHHH HAH yicpaiHH, m. XapxiB 

BMBMajiMCb xpionpoTeKTopHi BjiacTMBOCTi 1 ,2-nponaHflio.ny i ajiicLn-, eTOKCM-noxiflHMx 
niiuepHHy npM MMoporcyuainii rpOMfjouHTiu. Ilh ycix nootta*eHMX peiOBMH, oicpiM rjiluepwHy, 
Haft6Lnbiu :»namiHMH Kpio3axncHHMM anacTMBocniMH BiA3HanajiMCb 1,2-nponapAio.n, 1- 
MOHOMemriOBMft ecpip miuepMHy Ta oKCHCTvtnbOBaHMH r.iiuepnn (OEr, n-S) . 

A.B.HHKO/1EHKO. A.M.KOMriAHHELl, B.H.nyrOBOf^ 

KPMOriPOTEKTOPHblE CBOI?lCTBA nO^MO/lOB 1/1 MX 
nPOM3BO,aHblX nPH 3AM0PAXMBAHHM TPOMBOUMTOB 

MHCTHTyT npo6^eM kpho6ho^o™h h k pnoMc.in uh h hi HAH yxpaHHU, r.XapbKOB 

McaieflosajiMCb KpnonpoTeicTopHbie cboActbs 1 ,2-nponaKAMOJia h bjikhji-, stokcm- 
npoM3BOAHbix KJiaccMMecKoro KpnonpoTeKTOpa r^MuepHHa npw 3aMopa)KMBaHMM tpom6oumtob. H3 
MMcna MCcneflOBaHHbix BemecrB Hapaay c rnmiepMHOM in,i|u*c imm KpM03aiu.MTHWMM cuomcths mm 
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CRYOMEDICINE 

UDC 47.043:61 5.832.9:591 . 1 1 2.2:57.084. 1 

S.M.Romanets 

STUDY OF TEMPERATURE DEPENDENCE OF CHANGES IN 
ELECTROPHYSIOLOGICAL INDICES OF RAT HEART DURING 
CRANIOCEREBRAL HYPOTHERMIA 

The effects of rat body temperature changing during craniocerebral hypothermia (CCH) and sub- 
sequent thawing on the duration of the processes of behavior and propagation of excitation in the myocar- 
dium, time of depolarization and repolarization of myocytes, and the duration of the electric systole and 
diastole of the myocardium were studied. The authors determined the rules of changes in the indices under 
study in the time course of cooling down to the rectal temperature of 28 °C and thawing. It was found that 
the duration of the electrophysiological indices of the rat heart during cooling increases differently, while 
it is reduced during thawing, though it is not completely restored even at 37 °C. 

Currently CCH is widely used in clinical practice. This method was effective 
in treatment of the psychic neurotic disorders |5 ], chronic alcoholism (2 J, infer- 
tility [3 ], acute poisoning [ 1 1, etc. Up-to-now the process of regulation of the heart 
activity after such a cooling have been studied [4 ]. Earlier it was reported 16 ] that 
after cooling of the isolated heart of the dog from 35 to 25 °C the nervous, especially 
sympathetic regulation, is impaired, and a manifested inhibition of the 
chronotropic self-regulation of contractile activity of the myocardium becomes ebi- 
dent. At the same time such a hypothermic treatment affected in the least the rate 
of conducting excitation through the auricles. However, the available reports on the 
detailed studies of the peculiarities of the electrophysiological features of the rat 
myocardium in the time course of CCH and warming are few. That is why the aim 
of the given study was to investigate a temperature dependence of the changes in 
the complex of the electrophysiological features of the rat heart during CCH with 
subsequent warming. 

White outbred male and female rats with the body weights of 200-300 g were 
used in experiments. CCH was realized by cooling of the outer integuments of the 
head by a coolant (ice) with direct contact down to the rectal temperature of 28 °C. 
Upon achieving the required temperature the cold exposure was terminated, and 
the animals were thawed at the ambient temperature of 30-35 °C. In the course of 
experimentation the authors measured the temperature of the rat body in the rec- 
tum using a copper-constantan thermocouple. For blocking the reflectory ther- 
moregulatory responses of the organism the animals were anaesthesized with a 
mixture of sodium thiopental (Medical Preparations Plant, Kiev, Ukraine) and 
sodium oxybutyrate (Chemical Pharmaceutical Plant N?6, Riga, Latvia) at a dose 
of 30 and 100 mg/kg of body weight, respectively. The electrocardiogram (ECG) 
was registered with a EK1K-01 at a second standard lead. The ECG was taken 
during cooling and warming of the animal at every degree of the body temperature 
changing. When analyzing the ECG curves, the authors calculated the prolongation 
of the intervals: from the start of the wave P to the start of the wave Q (time of 
conducting excitation from the auricles to the ventricles) , from the beginning of the 
segment P to its end (time of propagation of excitation through the auricle, and the 
time of depolarization of the auricle), from the start of the wave Q and to the end 
of the wave S (time of depolarization of the ventricles) , from the start of the wave 
Q and to the end of the wave T (prolongation of the electrical systole of the 
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ventricles), from the start of the wave T to its end (time of repolarization of the 
myocytes of the ventricles) 17, 8 ], from the start of the wave (peak) Q to the start 
of the wave P of the next cycle (electrical diastole of the auricle), from the start of 
the wave T to the start of the wave (peak) Q of the next cycle (electrical diastole of 
the ventricles), from the end of the wave T to the start of the wave P of the next 
cycle (time of the total diastole of the myocardium) and interval RR (duration of 
the heart cycle) [7, 8 |. 

9 -Jr^J^Jr^Jr^ 





Fig. 1 . Dynamics of temperature changes of the 
rat body during cooling (A) and warming (B) 



Fig. 2. Electrocardiograms of rat during cooling (A) 
and warming (B). Body temperature, °C: 1 -37, 2- 
36,3-35,4-34,5-33,6-32,7-31,8-30,9- 
29, 10-28 

Fig.l shows the dynamics of the animal temperature lowering during cooling 
and warming. It follows from the diagram that the process of cooling occurred 
regularly down to 31 °C with the rate of 0.09 °C/min and further with the rate of 
0.06 °C/min down to 28 °C. Thawing of the animals was performed in two stages. 
From 28 C to 29 °C the animal was warmed slowly at a rate of 0.02 °C. After that 
thawing occurred regularly and its rate accelerated up to 0.08 °C/min. 

Fig. 2 displays the ECG, taken from the animals prior to the start of the 
hypothermic exposure, as well as in the process of cooling and warming. Consider- 
able changes in the electrophysiological pattern of the heart muscle of rats during 
CCH and warming are evident as compared with normothermia. The results of the 
ECG processing showed that the heart rate (HR) is reduced by 1.7-fold during 
cooling (Fig. 3). It is evident from Fig. 4 that such a slowing down of the rhythm 
relates, mainly, to the prolongation of the heart cycle, in the first place, of the 
myocardium diastole (TP). Here the duration of the total myocardium diastole 
(TP) of the rats remains practically unchanged until the rectal temperature of 3 1 °C 
is achieved, and then sharply increases by 2.1-fold. It should be noted that other 
electrophysiological indices of the rat heart (time of propagation of the excitation, 
duration of the processes of depolarization and repolarization of the auricles and 
ventricles) increase their values in the temperature range of 37 to 28 °C (Fig. 4, 5). 
In particular, the duration of the electric diastole of the auricles (QP) is prolonged 
by 1 .7-fold, while the dynamics of its changes is similar to the dynamics of changes 
in the duration of the total myocardium diastole (TP) (Fig. 4). It was shown that 
the time of conducting excitation from the auricles to the ventricles (PQ) , duration 
of the electrical systole (QT) and diastole (TQ) of the ventricles and the time of 
repolarization of the ventricles (T) increase by 1 .5-fold (Fig. 4, 5) . At the same time 
the duration of the ventricle depolarization (QS) increases insignificantly (Fig. 5), 
while the time of propagation of excitation along the auricles is not altered 
throughout the whole process of cooling. 

As the thawing of the animals went on, the HR gradually accelerated, over- 
taking the normal rate. Upon complete thawing this value exceeds the HR of the 
uncooled rats by 1.4-fold (Fig. 3). Such a change in the heart rhythm relates to a 
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Fig. 3. Dynamics of changes in the HR of rats 
during cooling (A) and warming (B) 



» a m it a 

r,v 

Fig. 4. Dynamics of diastolic characteristics of the 
rat heart cycle during cooling (A) and warming 
(B). Duration of: 1 - electric diastole of the 
auricles; 2 - electric diastole of the ventricles; 3 - 
total diastole of the myocardium 




shortening of the heart cycle by 1.4-fold. 
When analyzing the ECG, some 
peculiarities are to be reported. All the 
time intervals of the heart cycle during 
thawing are reduced regularly, with the 
exception of the time of conducting ex- 
citation along the auricle, which remains 
the same. By the end of thawing the 
values of these parameters do not'returftv 
to the normal level. The exception is the 
time (duration) of depolarization of the 
ventricles, the magnitude of' which- 
towards the end of thawing is restored. A 
degree of reduction of the heart cycle 
parameters during warming is not similar 
for different intervals, and it is most 
pronounced for the time (duration) of the 
total myocardium diastole (TP) (Fig. 4, 
5). 

Judging from the results obtained one can assume that the nature of changes 
in the membrane processes in the heart cells is different. Fig.5 testifies to a gradual 
prolongation of the action potential during cooling, and Fig. 4 supports relative 
stability of the rest potential until 30-32 °C, after which it is rapidly disturbed. It 
can be also assumed that certain physiological mechanisms of regulation of the 
heart rate also undergo changes. The results obtained permit to conclude on the 
peculiarities of changes in the systolic and diastolic parameters of the rat myocar- 
dium during CCH and warming. It was found that the duration of the 
electrophysiological parameters of the rat heart during cooling is prolonged to a 
different degree, and it is shortened during warming, and is not restored complete- 
ly even at 37 °C. The systolic characteristics change in a monotonous way, while 
the diastolic ones are altered insignificantly at 32-30 °C, and then an abrupt 



of acute 



Fig. 5. Dynamics of the systolic characteristics of 
the rat heart during cooling (A) and warming (B) . 
Duration of: 1 - electrical systole of the ventricles, 
2 - conduction of excitation from the auricle to the 
ventricles; 3 - repolarization of the ventricle 
myocyte; 4 - depolarization of ventricles 
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C.M.POMAHEUb 

BUBHEHHfl TEMnEPATyPHOT 3A/1EXH0CTI 3MiH 
EJlEKTPOOl3lO/IOriHHUX nOKA3HHKiB CEPUfl U^YPiB niA HAC 
KPAH I OUEPE EPA/lb HOT MnOTEPMiT 

iHcriTyT npo&neM Kpio6iojiorii' i KpioMeaHUHHH HAH y~KpaiHH, m. XapiciB 

BiBMeHO BruiHB 3MiHM TCMncpaTypH Tbia mypiB nia <iac xpaHiouepc6pajibHoT rinorepMil ra 
noaajibuioro BiflirplBaHHa na i pi majiicrb npoueciB npoBeACHHa Ta pocnoBCKWxeHHa 36yA*CHHa y 
MioKapAi, Mac AenonnpH3au.il Ta peno/i«pu3auiI MiouHTis, a Taxow TpMBajiiai. e.-iex i phmhoi chctoam i 
AiacranM MioKapay mypia. BM*-ieni 3axoHQHipHOCTi Snuhh noxasHHxiB b AMtiaMiui oxojiOA«emia flo 
peKTajibHoi TCMnepaTypM 28 8 C Ta BiAirpiBanHa. BcTa-uoaneno, mo TpHBajiicn, ejiexTpo<pi3io.nori<iHHx 
noKa3HMxiB cepua mypin nut >iac oxo-iOflwenHa 36ijibiuyen>c« ncoAHaxoBO, a n\a 'iac BiAirpiBaHiia 
SMeHUjyeTbCsi, ne BiAHOB^ioio'iHCb noBnicno HaoiTb npn 37 °C. 

C.M.POMAHEU 

H3YHEHHE TEMnEPATyPHOtf 3ABMCMM0CTM M3MEHEHMI/I 
3/1EKTP0OI/I3I/I0J10R/IHECKI/IX nOKA3ATE/lEI/1 CEPAUA KPbIC 
nPM KPAHM0UEPE5PA/lbH0l/l runOTEPMMM 

HHCTHTyT npodneM KpHo6HO/ion*H h k phomluhuhhw HAH V k p.i n h u , r.XapbKOB 

M3yMeH0 anMHHHe H3MCHCHMH TCMnepaTypw Ttna xpwc npM xpaiiHou.epe6pajibHOH mnoTepMHH 
(K1XT) m nocneflyjouteM OTorpeBe Ha AAHTejibHOCTb npoueccoB npoBeaeHHsi h pacnpocrpa Henna 
B036y>KfleHHa b MnoxapAe, BpeMa Aeno.napH3au.HM h peno.napH3au.HH mhouhtob, a Tax>xe nvtHTejibnocTb 
3flCKTpHMecxoM CHCTOJiw h AHacTOJibi MnoxapAa. OnpeaeAeHbi 3axoHOMepHOCTH H3MeneiiHa 
MconeayeMbix noxa3aTejiCH b AnnaMHxe oxna>KAenHa no pcxTajibnon TeMnepaTypw 28 °C h OTorpcua. 
ycraHOBjieHO, mto AViHTCJibiiocTb 3^cxTpotpH3HonomMecxHx noxasaTejiefl cepaua xpwc npn 
ox^ajxaenHH yBejiHMMBaeTca b HeoflMnaxoBoft crcneHH, a npn OTorpeBe \MeHbiuacTca, hc 
BOCcranaanHBaacb nonHOCTbio a3>kc npn 37 °C. 



UDC 61 6-001 /002-089.583.29:576.097.01 

V.A.Chipizhenko 

THE EFFECT OF LOCAL HYPOTHERMIA ON THE KINETIC 
PARAMETERS OF BINDING AND DENSITY OF 
p-AD RENO RECEPTORS, AND THE CONTENT OF CYCLIC 
NUCLEOTIDES IN THE SKIN WITH ALLERGIC CONTACT 
DERMATITIS IN THE EXPERIMENT 

The authors studied the action of local hypothermia (cooling of the injured limb in the air chamber 
of the hypotherm down to the temperature of 22-24 °C of the skin for 1 hour) on the kinetic parameters of 
binding and density of /3-adrenoreceptors, and the level of the skin cyclic nucleotides with allergic contact 
dermatitis on 2.4-dinitrochlorbcnzene. They speculate on the possible application of local hypothermia 
for external application for treating allergic dermatitis. 
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In the mechanism of allergic dermatoses a major part is played by the impair- 
ments in the vegetative nervous system, which actively participates in the stabiliza- 
tion of the structure of cells and tissues, in the regulation of their functional activity 
via intracellular regulatory mechanisms. For example, the activation of the 
regulatory chain: sympatic nervous system - local release of catecholamines - 
stimulation of /?-adrenoreceptors (AR) and conjugated adenylate cyclase - ac- 
cumulation of the intracellular cyclic adenosine-3',5'-monophosphate - results in 
the reduction of excretion of histamine, serotonin, kinins, lysosomal enzymes by 
the cells of blood and skin, which take part in the development of allergic inflam- 
mation [2, 4, 7 J. Apparently, when affecting separate links of the described 
regulatory chain, e.g. AR, it is possible to influence the occurrence of the skin al- 
lergic responses. Still, there are some reports on the dependence of the functional 
state of AR on temperature [1, 9, 11, 13]. Considering the above, the authors 
aimed to investigate the action of local hypothermia on the kinetic parameters of 
binding and density of /3-AR, as well as on the content of the cyclic adenosine- 
3',5'-monophosphate (cAMP) and cyclic guanosine-3',5'-monophosphate 
(cAMP) in the skin of guinea pigs with the allergic contact dermatitis (ACD). 

In 24 male white guinea pigs with the body weights of 350-400 g the ACD was 
reproduced on 2.4-dinitrochlorbenzen (DNCB) . Sensibilization was carried out by 
a single application of 0.1 ml of 5%-solution of DNCB on the shaven portion of the 
femur skin, simultaneously applying 0.02 ml of 1 % -aqueous solution of DNCB on 
seven other shaven portions of the dorsum skin. On the 14th day from the start of 
the experiment the femur skin was plastered with a permissible triggering dose of 
DNCB - 0.02 ml of 1 % -solution. The next day on the place of application the ACD 
was developed 151. In 12 animals the bioptates of the skin for investigation were 
collected from the foci immediately, while 12 other animals tolerated local cooling 
of posterior limbs (place of localization of the ACD) in the air chamber of a 
hypotherm down to the skin temperature of 22-24 °C (controlled by electrother- 
mometer) for 1 hour, after which the injured skin was harvested for investigation. 
The skin of 10 intact guinea pigs served as control. With the aim of studying the 
binding of AR with ligands the preparations of the plasma membranes of the skin 
cells were used, obtained and purified as described elsewhere [6 ]. 

Binding of £-AR was performed using 3 H-dehydroalprenolol 06.-6 nM in the 
presence of 10 raM MgCte. A condition of the kinetic equilibrium was achieved in 
20 min at the temperature of 25 °C. Separation of the bound and free ligand was 
conducted by a method of vacuum filtering through the fiberglass YF/c filters 
"Whatman". The value of the specific binding was determined by the difference 
between the level of binding in the absence and presence of the nonlabeled ligands. 
All the conditions of binding of /?-AR were as described elsewhere [12 J. The cal- 
culation of the kinetic parameters of the binding and content of AR was done with 
a PC on the basis of the analysis of the curves of binding in the Scatchard's coor- 
dinates. The kinetic parameters of binding - Kd (constant of dissociation of the 
AR-ligand complex) was expressed in nmol, while B ma x (AR density) - in pmol/mg 
protein. At the same time the intracellular content of cAMP and cGMP was studied 
in the same skin samples. The latter was determined by a radioimmunologic 
method using standard kits TRK-432 and TRK-500, respectively (Amersham, 
England) , and was expressed in pmol/ g raw tissue. The results of investigations of 
the influence of the local hypothermia on Kd and Bmax of /J-adrenoreceptors of the 
guinea pig skin are submitted in Table 1 . 

It follows from Table 1 that the development of the ACD was followed by a 
rapid increase in Kd (P<0.001), while the growth of Bmax was statistically insig- 
nificant (P>0.1). A single local hypothermic treatment resulted in a rapid reduction 
in Kd below the control level (P<0.001) and an insignificant decrease in Bmax, 
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Table 1 

Kd of the complex 0-AR-ligand and B„,„ .- ar or the guinea pig 
skin 



which was statistically in- 
significant as compared 
with control <P>0.5) and 
significant as compared 
with a corresponding index 
prior to hypothermia 
(P<0.05). However, when 
studying any receptor with 
a method of radioligand 
binding it is expedient to 
reveal the correlation be- 
tween the ligand binding 
and the extent of manifestation of its physiological activity, which is done to ex- 
clude the so-called "silent receptors". The latter are capable of both non-specific 
and specific binding of the ligand, though they do not mediate cell physiological 
response [3 J. Physiological activity of the/3-AR agonists may be judged upon by 
the level of the intracellular cAMP, since it is currently believed that there exists a 
close conjugation of the /Si - and /?2-AR and adenylate cyclase - the enzyme, which 
is responsible for the synthesis of cAMP [3, 8, 10]. Considering the above, the 
authors thought it expedient to determine the intracellular content of cAMP and 
cGMP in the same samples of the guinea pig skin (Table 2). 



Statistical 

indices 


Intact skin 
(control) 


Skin with ACD 

prior to 
hypothermia 


Skin with ACD 
after hypothermia 


Kd, nmol 


n 

M±m 
P 


10 

2.21 ±0.2 


12 

6.17±0.64 
< 0.001 


12 

1.22±0.14 
< 0.001 


B„ 


,„„nmol/mg 


n 

M±m 
P 


10 

0.094+0.015 


12 

0.127±0.0I3 
>0.1 


12 

0.075+0.017 
>0.5 



Table 2 

Content of cAMP and cGMP in the skin of guinea pigs in 
pmol/g raw tissue 



Statistical 
indices 


Intact skin 
(control) 


SkinwithACD 

prior to 
hypothermia 


Skin with ACD 
after hypothermia 


cAMP 


n 

M+m 
P 


10 

229.0±29.2 


12 

54.0±9.0 
< 0.001 


12 

166.0+22.6 
<0.01 


cGMP 


n 

M±m 
P 


10 

35.0±4.73 


12 

41.0+7.23 
>0.2 


12 

13.9+3.54 
< 0.001 



It follows from Table 
2, with the development of 
the ACD the content of 
cAMP in the injured skin 
was rapidly reduced 
(P<0.001), while an in- 
crease in cGMP was statis- 
tically insignificant 
(P>0.2). FoUowing a 
hypothermic treatment the 
level of cAMP was in- 
creased considerably as 
compared with the original level (P<0.001), though it did not achieve the normal 
limits (P<0.01 ) . At the same lime the level of cGMP was rapidly reduced below the 
normal level (P). The dynamics of the ratio cAMP/cGMP was even more informa- 
tive. In the intact skin it comprised 6.5 on the average; during ACD it was consid- 
erably reduced down to 1.3 and rapidly increased above the normal level up to 1 1 .9 
after a conducted hypothermic treatment. 

When comparing the Kd dynamics of the complex /3-AR-ligand with the con- 
tent of cAMP in the skin, a distinct inverse dependence was observed between the 
first and the subsequent two indices. For example, during the ACD development a 
rise in Kd by 2.8-fold on the average was accompanied by a simultaneous rise in 
the level of cAMP by 4.2-fold and a reduction of the ratio cAMP/cGMP by 5-fold. 
Following hypothermic treatment a reduction in Kd by 5.1 -fold as compared with 
the original value was accompanied by a simultaneous rise in the cAMP content by 
3.1-fold, and that of the ratio cAMP/cGMP - by 9.1-fold as compared with the 
original level. 

Thus, a revealed considerable impairment in the functional activity of fi-AR 
and intracellular content of the cyclic nucleotides in the injured skin make it pos- 
sible to assume that the said impairments play a pathogenic role during ACD. Local 
skin hypothermia with ACD, on the one hand, rapidly increases a reduced affinity 
of GB-AR to a respective ligand, on the other hand, it results in the insignificant 
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reduction of the density of the receptors of this type. One may expect a rise in the 
event of a /S-adrenergic stimulation, which is supported by a growth of the intracel- 
lular content of cAMP, and inhibition of liberation of some mediators of the allergic 
inflammation and lysosomal enzymes. 

The results obtained permit to assume that local hypothermic treatment of the 
skin, while acting via fi-AR and a system of cyclic nucleotides, may modify the 
occurrence of skin allergic responses. A similar assumption may serve as a theoreti- 
cal substantiation for application of local hypothermia in the external therapy of 
the patients with allergodermatoses. 
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B.A.HUnMXEHKO 

Bn/1MB MiCUEBOT rlnOTEPMiT HA KiHETHHHl nAPAMETPU 
3B'fl3yBAHHfl I mi/lbHiCTb jS-AflPEHOPEUEnTOPlB, A TAKOX 
BMICT UMK/liHHMX HYK/lEOTM/liB LUKiPH 3 A/lEPriHHMM 
KOHTAKTHI/IM AEPMATUITOM Y EKOlEPMMEHTi 

Hep^aBHHH MeAHMHHfi yHiBepcHTer, M.XapxiB 

Bwmaiicsi hiuhb Micucsoi rinoTepMi! (oxojioflweiiiisi ypawenoT xiHuiBKH y rtOBiTpniiift xaMCpi 
rinoTepMa no TeMnepaTypw noBcpxHi niKipn 22-24 °C Ha npoTsni 1 r) wa xineTHMiei napaMeTpn 

3B'M3yBaHHH I : u 1 1 Ml 1, T t. rf-a;ipCH0pcncilT0pi», a niKO* pmcm, UMKJliMHMX Hy KJl COTMfli B UIKipM 3 

ajiepriMHMM xoirraKTHMM flepMaTMTOM Ha 2,4-flMHiTpo)oiop6eH3o;i (AHXB) . Po3r^aaaTbc» MoaaiMBicTb 
3acTOcyn.n 1 1 1 w Micueso rinoTepMi ana 30BHiujnboro ^iKyBaHHa anepriMHMx acpMaT03iB. 
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B.A.HUnMXEHKO 



BJlUflHME MECTHOI/I rWIOTEPMUl/l HA KMHETMHECKME nAPAMET- 
Pbl CBH3blBAHl/m U n/IOTHOCTb ^-A^PEHOPEUEnTOPOB, A 
TAKXE COflEPXAHHE UMK/1MHECKMX HYIOIEOTMAOB KOXI/I C A/l- 
/lEPrHHECKMM KOHTAKTHbIM /JEPMATMTOM B SKCnEPMMEHTE 

rocyAapcTBeHHHii mcahuhhckhh yHHBepcHTcr, r.XapbKOB 

H3VMa.10Cb BJIHHHM6 MCCTMOli mnOTepMMM 1 1 >\:i;i A.'iriine I lopa ,+U'HHOM KOHCMHOCTM B B03AyUIHOM 

Kasiepe mnoTepMa no TeMnepaTypw noBepxnocTM kojkm 22-24 °C b tcmchhc 1 m) Ha KnncTn>iecKno 
napaMeTpu CB«3WBaHMfl m ruiOTHOCTb /J-aflpeHopeuerrropoB, a Taxace ypoBeHb umk.ihmcckhx 
HymieoTHAOB ko)km c ajuieprviMecKHM KOHTaKTHbiM AepMaTMTOM Ha 2,4-flMHHTpoxnop6eH3an. 

PaCCM8TpHBaeTCfl BOSMOJKHOCTb 1 1 pn mi' mc hum MCCTHOH I'UlIOR'pMHH JUlfl HapyXCHOTO -iCMCium 



BRIEF COMMUNICATIONS 
UDC 57.043:61 1.36 

A.S.Kaprelyants, N.N.Kosmina 

FINE STRUCTURE OF THE RAT LIVER CELLS DURING TOTAL 
COOLING 

The responses of the organism, tissues and organs of warm-blooded animals and man (o total cooling 
have been studied for many decades [1, 2, 7, 14J. A possibility of principle of the reversible cooling of 
homoiothermic organisms was confirmed as long ago as in the past century, but until now a physiologically 
adequate method of a long-term maintenance of these states is still missing [3, 7, 8] . The interest to the 
idea of a reversible slowing down of the vital processes persists until nowadays. A direct action of cooling 
on the tissues of the organism may result in the development of stress reactions, which involve neurovegeta- 
tive and hormonal systems. This, in turn, may bring about enhancement of heat production and metabolism 
(2, 4, 9, 10, 13J. However, the stale of liver cells during profound total cooling has been insufficiently 
studied [6] . That is why the aim of the present work was to investigate the ultrastructural characteristics 
of hepatocytes during total cooling of rats down to the temperatures of 15, 9, 6 °C. Mature white male 
Wistar rats with the body weights of 1 80-220 g were used in experiments. The animals were cooled using 
a method described elsewhere [14]. The animals were placed into a case with a volume of 2 I with sub- 
sequent transfer into a cold chamber with the ambient temperature of 0 °C. Two hours later the rectal 
temperature (RT) was 15°Cin these animals (first series of experiments). Here the animals were still able 
to respond to the stimuli, but were unable to move. The heart rate (HR) was 60 beats per minute. After 
that the rats were covered with ice, and in 20 min the rectal temperature was 9 "C (second series of experi- 
ments) , the respiration of the rats stopped, and 
HR did nor change significantly. Subsequent 
cooling of the rats for another 20 min lowered 
RT down to 6 °C, and the HR approached to 
zero (third series of experiments). The 
animals, kept at room temperature, served as 
control. After slaughtering the animals of the 
first, second and third groups, respectively, 
the livers of the cooled rats were rapidly ex- 
tracted for subsequent studies. The authors 
conducted a histological control of 
using a standard technique. For 
microscopic investigations trie nver rragments 
were fixed in a 2 "■„ -.solution of glutaraldehyde 
andpostfixedina 1 % -solution of Os04. Then 
the samples were dehydrated by acetone in an 
increasing concentration and embedded with 
cpon-araldyte mixture according to a standard 
technique [12]. The ultrathin slices were 
prepared with a UPTM-6 ultramicrotom, con- 
trasted with a saturated solution of uranyl 
acetate and plumbum citrate using a method 
described elsewhere [6]. The samples were 
visualized and their images were taken with a 




Results of the PC-aided morphomctric analysis of the 
fine structural parameters of hepatocytes during cooling 
down to 15°C (abscissa-1, 4, 7, 10, 13, 16, 19, 22), to 
9 °C (2, 5, 8, 1 1 , 1 4, 1 7, 20, 23) and down to 6 °C (3, 6, 
9, 12, 15, 18, 21, 24). The values of the area are of the 
following: nuclei 1-3; diffuse chromatin 7-9; compact 
chromatin 10-12; EPR 13-15; mitochondria 19-21. 
The values of the perimeter: nuclei 4-6; EPR 16-18; 
mitochondria 22-24. Along the ordinate axis are given 
the values of the perimeters, % 
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EMB-100 BR electron microscope with the accelerating voltage of 75 kV. The morphometric analysis of 
the cell organoids was performed with the help of a computerized system 'Morpho-Tools', designed and 
developed by Prof. A.S.Kaprelyants and A.N.Reylyan (Institute for Problems of Cryobiology and 
Cry omedicine of the National Academy of Sciences of the Ukraine, Kharkov) . For input of the images use 
was made of a K 6405 digitizer and PC CM1910 'Robotron' . A set of the applied programs of a 'Morpho- 
Tools' system enabled to calculate morphometric characteristics, their statistical processing and submis- 
sion of the results in the digital and graphic forms. The results of the first series of experiments showed a 
routine architectonics of the liver cells at the microscopic level. The electron-microscopic analysis 
demonstrated that qualitatively the fine structure of hepatocytes is of a normal appearance and is charac- 
terized by the presence of the rounded mitochondria of various dimensions. Granular and smooth en- 
doplasmic reticulum is presented in the form of cisterns with local expansions. The hepatocyte nuclei are 
of the rounded shape with regular contours. Finely dispersed chromatin is distributed along the whole 
nucleoplasm, and condensed chromatin is found in the form of small lumps along the nuclear membrane. 
Globular-fibrillar structure of the nuclei is not changed. The analysis of the morphometric indices of the 
intracellular structures of hepatocytes in the given series of experiments made it possible to observe a slight 
reduction in the area of the nuclei, as well as of diffuse and compact chromatin (Fig.). 

There was found a tendency towards a decrease in the area of mitochondria and endoplasmic net- 
work. In the second series of experiments the electron-microscopic study revealed enlightening of the 
mitochondrial matrix, which has a finely granular structure. The nuclei of the rounded or ellipsoid shapes 
are reduced in size. The channels of the endoplasmic network are close to the normal shape, though some- 
times the channels, placed In the vicinity of the mitochondria, are expanded. In some places the irregular 
pattern of the dislocation of ribosomes on the membranes of the endoplasmic reticulum is reported. The 
drops of fat are diffusively located throughout the whole cell. The morphometric indices during such type 
of treatment testify to a further reduction in the area and perimeter of the nuclei, area of the compact and 
dense chromatin, as well as of the decrease in the areas and parameters of the endoplasmic reticulums and 
lipids. In the third series of experiments the investigation of the fine structure indicates to the availability 
of the more manifested alterations in the organoids of hepatocytes of the rats. Compact chromatin was 
accumulated mainly on the inner surface of the nuclear membrane. The nuclei are visually reduced in size. 
The mitochondria were characterized by a manifested enlightening of the matrix and destruction of crysts. 
The lipid inc'usions in the hepatocyte cytoplasm were found in small numbers. The morphometric data 
testify to a farther reduction in the area and perimeter of the nuclei, endoplasmic network, compact 
chromatin, lipids. Thus, the investigations conducted allow to qualitatively and quantitatively assess struc- 
tural rearrangements of the hepatocyte organoids during total cooling of various extent. The results of the 
visual analysis of transmission electron microscopy are supplemented and nicely correlate with the results 
of the morphometric studies. The hepatocyte organoids at various stages of profound cooling are charac- 
terized by a reduction in the area and perimeter of the nucleus, as well as by a decrease in the area of 
diffuse chromatin upon changing the RT from 15 to 9 °C. These values are slightly reduced when lowering 
the RT from 9 to 6 °C. At the same time the response of the compact chromatin is different. When the RT 
equals 15 °C or 9 °C, the differences are minimum, but further lowering down to 6 °C results in its rapid 
increase. The response of the mitochondria to profound cooling is manifested by the enlightening of the 
matrix of these organelles. And the most pronounced alterations are found during cooling down to 6 °C. 
When cooling the animals down to the rectal temperature of 1 5 and 9 °C the authors also observed changes 
in the fine structure of these organelles, which may be indicative of the initial stage of disintegration of the 
cell structures and functional disorder of the cell, as well as of the enhancement of the process of uncoupling 
of the oxidative phosphorylation [5, 11, 13, 15]. The endoplasmic network is characterized by a sharp 
reduction in the area and perimeter upon lowering of the rectal temperature from 1 5 C to 9 °C and by a 
small difference between the RTs of 9 °C and 6 °C The changes In lipids are characterized by an increase 
in their areas at the RT of 6 "C, and the differences in the morphometric parameters of lipids at the RT of 
15 and 9 °C are nearly missing. 
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C.Kh.Mezhidov, V.A.Moiseyev 

THE EFFECT OF CONCENTRATION OF THE INTRACELLULAR 
HEMOGLOBIN ON THE PERMEABILITY OF RED BLOOD CELLS 



There exist two theories of cell permeability: membrane and sorption ones [1]. The membrane 
theory became very popular due to its very good theoretical and experimental substantiation, while a 
sorption theory doesn't have thorough experimental grounds. For example, the effect of the concentration 
of the intracellular content on the cell permeability has not been studied yet. In this respect the authors 
conducted experimental investigation of the study of RBC permeability under various concentrations of 
the Intracellular hemoglobin. The RBC permeability was studied using a method of EPR spin probe, as 
described earlier [2]. The factor of permeability (P) was determined on the basis of the diffusion law. The 
experiments were conducted with human donor blood RBC, stored for 3-4 days at 4 °C. Prior to ex- 
perimentation the RBC were washed 3 times with a physiological saline of sodium chloride, prepared on 5 
mmol/l sodium-phosphate buffer, pH 7.4. Pink ghosts of RBC were obtained with an earlier described 
method [3] . The content of hemoglobin in pink ghosts of RBC was (23.9+ 1 .7) % from the original level. 
Fig. 1 shows the kinetics of penetration of 20% -glycerol Into intact RBC at 0 °C. The permeability factor, 
calculated from the graphical data (Fig. 2) was equal to (8.1 ±0.3) x lO^cm/min. The kinetics of penetra- 
tion of 20% -glycerol into the pink ghosts of RBC at 0 °C is shown in Fig.3 (curve /). It follows from it that 
the process of glycerol penetration is completed within 4-5 min, while for intact RBC this time exceeded 
30min. The factor of permeability for pink ghosls of RBC was (5.5 ±0.4) x 10" 5 cm/min. For investigating 
the influence of a rise in the hemoglobin concentration inside RBC (dehydration) on their permeability 
the intact RBC were placed into a hypertonic solution of sodium chloride (0.4 mmol/l) in a 1 : 1 0 ratio, and 
the supernatant was removed after sedimentation of RBC by centrifugation. Then a solution, containing 
0.4 mol/l sodium chloride, 20%-glycerol, was added to erythromass in a 1:1 ratio, and the kinetics of 



Fig. 1. Kinetics of penetration of 20%-glycerol Fig.2.Aplolforcalculatingtheconstantoftherate 




into RBC at 0 °C (3 exp.) 



or penetration of glycerol at 0 °C. 

finite value of h; hi - value of h at the 
time/ 
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glycerol penetration was investigated (Fig. 3, | 
curve 2) . It follows from it that the kinetics of 
penetration of glycerol is not registered. A sup- 
plementary study using a method of 'H-NMR 



J- 




♦ *3 



54 

centra tion in erythromass by the 20th min was 
different from that determined by the 2nd 
minute by 8% (error In determining the con- 52 
centra lion value is ±10%). For excluding the 
action of the electrolyte concentration on the 48 
permeability of the RBC membrane the 
authors conducted experiments with pink RBC . 
ghosts with addition of 0.4 mol/I sodium 
chloride, as it was in the case of intact RBC 1 3 5 7 9 11 t, min 

(Fig. 3, curve 2) . It follows from this figure that Fig. 3. Kinetics of penetration of 20% -glycerol at 0 °C: 7 
the kinetics of glycerol permeation is observed - pink RBC ghosts; 2 — pink RBC ghosts in the presence 
well enough. The obtained value of the per- of 0.4 mol/I sodium chloride; 3 - intact RBC in the 
meability factor is 7*-(4.2±0.1) x 10" 3 presence of 0.4 mol/I sodium chloride 
cm/min. This result indicates that one of the 

reasons of blocking the RBC permeability to glycerol consists not in the changes in the membrane under 
the action of electrolytes, but in a rise in the hemoglobin concentration due to dehydration. An increase in 
the hemoglobin concentration in pink ghosts reduces P by 23% as compared with the ghosts in the 
physiological saline, which is sufficiently close to a rise in the microviscosity of the cytosol (15%). A 
decrease in hemoglobin in RBC results in a more than 6-fold rise in P. The results of investigating the effect 
of the intracellular protein on the permeability of RBC are important not only for understanding the 
mechanism of regulation of cell permeability, the processes, occurring during cryopreservation of biologi- 
cal systems, but also for the development of new cryobiological technologies. 
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V.V.Ramazanov, V . A. Bondarenko 

THE EFFECT OF INCREASING CONCENTRATIONS OF NaCI IN 
THE HYPERTONIC SUCROSE MEDIUM ON THE COLD AND HY- 
PERTONIC SHOCK OF RED BLOOD CELLS 

A parallel Investigation of the cold and hypertonic shock of RBC showed that blocking of the proces- 
ses by the inhibitor of the anion transport diisocyanostylbene disulphonate (DIDS) may be of varying 
extent [2] . The given inhibitor is responsible not only for blocking the anion exchange [6] and release of 
potassium cations during osmotic stress [3] , but it also modifies the interaction of the band 3 protein with 
the cytoskeletal proteins [5] . It was found that hypertonic stress is determined only by the osmolality of 
the pre-lncubation medium and is independent of its ionic composition [1], which is responsible for the 
loss of potassium cations in the hypertonic medium [3] . The above data indicate that the loss of potassium 
cations may not significantly affect the susceptibility of RBC to hypertonic stress. Considering the above 
the authors made an attempt to differentiate functional and structural action of DIDS due to the RBC 
treatment by parachlormercury benzoate (PCMB), during which the interaction of the band 3 protein with 
the cytoskeleton is broken {4] . The data obtained showed that treatment of RBC by PCMB did not result 
in considerable changes in the levels of cold and hypertonic stresses. However, the action of the anion 
transport inhibitor DIDS, which occurs in the nonmodified RBC [2], is almost completely eliminated 
during treatment of RBC by PCMB, with the exclusion of an incomplete reduction of the effect of DIDS 
during cold shock (fig. 1 ) . This phenomenon may be interpreted in such a way that the action of DIDS on 
the hypertonic stress relates, mainly, to the modification of the interaction of the band 3 protein with the 
cytoskeleton. At the same time a residual blocking effect of DIDS on the cold shock (Fig. 1 , curve 3) may 
occur due to the Inhibition of the loss of potassium cations (3]. In this respect it may be assumed that a 
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Fig. 1. The effect of treatment by PCMB on the 
susceptibility of RBC to cooling down toO°C (1, 2, 
3) and hypertonic stress after transfer into 3 mol/l 
NaCi (4, 5, 6) after incubation at 37 °C in the 
medium, containing 0.86 mol/l sucrose /, 4 -con- 
trol, 2,5- PCMB, 3,6- PCMB+DIDS 



Fig. 2. Effect of the increasing concentrations of 
NaCl on the susceptibility of RBC to cooling down 
to 0 °C (7, 2, 3, 4, 5) and hypertonic stress after 
transfer into 3 mol/l NaCl (/', 2', 3', 4', 5') after 
incubation at 37 °C in the medium, containing 0.7 
mol/l sucrose: 1, J'-O mmol/l NaCl; 2, 2' - 25; 
3, 3' -50; 4, 4' -100; 5,5 -150 

method of combining the pre-lncubation medium with the increasing concentrations of NaCl should result 
in a rise in the susceptibility of RBC to hypertonic stress, reducing their susceptibility to cooling. In this 
respect the authors studied the effect of the increasing concentrations of NaCl on the susceptibility of RBC 
to cooling and hypertonic stress after incubation in the medium, containing 0.7 mol/l sucrose. An increase 
in the NaCl concentration In the incubation medium up to 150 mol/l results in a rise in the susceptibility of 
RBC to transfer into 3 mol/NaCl, however, the susceptibility of cells to cooling is thus reduced (Fig. 2). 
Thus, the results obtained testify to the fact that susceptibility of red blood cells to hypertonic stress is not 
determined by a release of potassium cations. Besides, the impairment of the interaction of the band 3 
protein with the cytoskeleton does bring about a loss of the cold and osmotic susceptibility of the cells. 

REFERENCES: 

1. Pozdnyakov V.V. Effect of composition and osmolality of the medium on the resistance of RBC to 
osmotic and temperature stress: Abstr.Thesis Cand.Biol.Sci. - Kharkov, 1 989. - 1 6 p. (in Russian) . 

2. Ramazanov V. V. Effect of the osmotic stress and modificators of the cytoskeleton on the development 
of cold and hypertonic stress of RBC: Abstr.Thesis Cand.Biol.Sci. - Kharkov, 1994.- Up. (in Rus- 
sian). 

3. Ramazanov V. V., Rudetiko S. V., Bondarenko V.A. Relation of ionic flows of chlorine and potassium 
during osmotic stress to cold shock of red blood cells // Fundamental and applied problems of cryoblol- 
ogy. - Kharkov: B.I. - 1993. - P. 106-111 (in Russian). 

4. Clark S.J., Ralston G.B. The dissociation of peripheral proteins from erythrocyte membranes brought 
about by p-mercuribenzenesulfonate // Biochim.Biophys.Acta. - 1990.- 1021. -P. 141-147. 

5. Hsu L, Morrison M. The interaction of human erythrocyte band 3 with cytoskeletal components // 
Arc.Blochem.Biophys. - 1983. - 227. -N9I.-P. 31-38. 

6. Jennings M.L Structure and function of the red blood cell anion transport protein // Annual 
Rev.Biochem.Biophys.Chem. - 1989.- 18. -P. 397-420. 



Institute for Problems of Cryobiology and Cryomedicine of the 
National Academy of Sciences of the Ukraine, Kharkov 



Accepted on February 22, 1 995 



UDC 615.361.018.46.014.41 

E.D.Lutsenko 

APPLICATION OF A PENNING METHOD FOR HARVESTING 
STEM-CELLS ENRICHED POPULATIONS FROM 
CRYOPRESERVED BONE MARROW 

Application of monoclonal antibodies (MAB) in modem immunohematologic investigations permits 
to identify a wide spectrum of membrane structures on the cells with one or other functional properties, to 
reveal the role of these structures. With the help of MAB it is possible to eliminate various subpopulations 
of cells, e.g. hemopoietic precursors, from a total heterogeneous population of the bone marrow (including 
cryopreserved) , increasing their concentration. The enriched fractions of hemopoietic precursors without 
a large number of factor-producing cells may be used for studying the role of every population and recom- 
binant exogenous growth factors in the regulation of hemopoiesis. Population of hemopoietic precursors 
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mav be also applied in transplantation of allogenic bone marrow, when it is necessary to reduce the risk of 
the development of Immune conflicts, considering a possibility of development of immunologic tolerance in 
the immunocompetent cells, which are formed out of them. Besides, application of such a methodical ap- 
proach makes it possible to evaluate survival, possible modification of membrane structures after exposure 
of the hemopoietic cells to the action of cryopreservation factors, to give assessment of the concentration 
parameters of these cells in the total population. Currently available methods of selection of stem cells make 
it possible to achieve a high degree of purification, however, the most effective among them, e.g. involving 
cell sorters, are very expensive, which limits a possibility of their application. On the other hand, treatment 
of the bone marrow suspension in a cytotoxic test (by MAB and complement) does not allow to obtain both 
fractions being separated in viable states. In the investigations conducted use was made of a direct pen- 
ning method with MAB to Thy-1 .2 antigen, based on the ability of the Thy-1 .2 + cells to be sorpted in the 
cells of plastic case, covered by MAB [2] . Isolation of the sorpted Thy-1 .2* cells was done by soft pippet- 
ting with subsequent administration to the lethally irradiated mice for evaluation of the colony-forming 
activity of the isolated population (4] . Statistical processing of the data was performed using a Student- 
Fisher method. The experiments conducted showed that after sorption on MAB from the bone marrow of 
Intact donors about 2.5% of Thy-1. 2 + cells are eliminated (fraction C-l). while after a repeated sorption 
- about 0.5% of Thy-1.2 + (fraction C-2), which correlates with the data reported by other researchers 
13] . Fraction C-l possessed a colony-forming activity, which was by 3.5-fold higher as compared with 
control, by the 8th day, and by 1 0-fold - by the 1 2th day (Table 1 ) . Apparently, a colony-forming activity 
of the fractions, sorpted on MAB, was due to the availability of Thy-1. 2*CFUs in them, and a Th> - 1 1* 
fraction is a population, enriched with hemopoietic precursors of various extent of differentiation. It is 
evident from a comparison of a concentration of CFUsin the original suspension and that sorpted on MAB, 
followed by simple mathematical processing [ I ] , that the content of Thy-1 .2* CFUs-8 in the bone marrow 
does not exceed 5-10% from the total amount of CFUs-8, while Thy-1. 2 + -12 comprise approximately 
30-35% of all CFUs-1 2. The data, submitted in Table 1 , testify to the fact that sorption on MAB or the 
cells of the bone marrow, which is regenerated after a cytostatic treatment, cannot reflect the ratio of 
hemopoietic cells in such a myclotransplant. 

Colony-forming activity of various fractions of bone marrow: intact, cryopreserved and treated 
with 5-FU 



Fractions of the 
transplanted bone 
marrow 


Transplant 


Intact native, 
lxIOVmice 


Treated with 5-FU, 
5xI0 3 /mice 


Intact cryopreserved, 
I xlOVmice 


CFU.-8 


CFU.-12 


CFU.-8 


CFU.-12 


K-l 
CFU.-12 


K-2 
CFU.-12 


Original control 

C-l 

C-2 


14.2±1.5° 
51.1 ±8.1' 
29.4±5.2* 


16.4±0.9 
163.3±12.0* 
56.0±6.3* 


14.4±2.6 
l.8±0.6" 
3.6±2.4* 


16.9±2.9 
32.4±4.1* 
20.3±3.8* 


13.5+1.7 
122.9±12.3* 


11.2±2.0 
27.3±9.1* 



Note: the experiments were conducted with mice of a CBA line; 380 animals were used in experiments; ° 

- average value for 9 spleens; * - significant differences (p < 0.05) as compared with control. 

In 8 days after injection of fluorouracyl (5-FU) at a dose of 150 mg/kg body weight against a rapid 

reduction in the content of the bone marrow nucleated cells (by 10-12-fold) the absolute content of CFUs- 
12 and CFUs-8 In the femur exceeded their levels in the normal bone marrow by nearly 20-fold. From this 
suspension with the help of penning method about 5% Thy-1 .2* cells were eliminated. However, in spite 
of an increasing content of CFUs and Thy-1 .2 + cells as whole in such a bone marrow, the concentrations 
of Thy-1. 2 + -CFUs-8 among all the CFUs-8 cells decreased down to 0.5-0.6%, i.e. it was by 16-18-fold 
lower, as compared with the population of CFUs-8 of the normal bone marrow. The concentration of 
CFUs- 1 2 in a C- 1 fraction was approximately by 2-fold higher as compared with the whole bone marrow, 
treated with 5-FU and, subsequently, was by more than 40-fold higher in comparison with the normal bone 
marrow. Despite this, the content of Thy-1.2 + -CFUs-12 was about 15% from the whole CFUs-12, i.e. it 
was by 2-fold lower, as compared with the normal bone marrow, which may be a consequence of dilution 
of Thy-1. 2 + CFUs, remaining in the bone marrow of the femur bone, by the newly formed Thy- 1 .2"CFUs, 
since a reduction in the portion of Thy-1 .2 + CFUs by 2-fold became evident after a 2-fold rise in the total 
amount of CFUs-12 In the bone marrow of the femur bone. After arousing from the state of profound cold 
anabiosis the indices, characterizing not only functional, but also structural properties of these cells, are 
altered significantly [1). Depending on the selected mode of cryopreservation the amount of colonies, 
formed by a cryopreserved bone marrow, may vary: cryopreservation with a 10%-soIution of DMSO (K- 
1 ) provides for a high survival of CFUs (90% ) . The number of colonies, formed by a cryopreserved bone 
marrow under protection of a 7.5% -PEO (K-2) , was reduced by 357 0 . It follows from the results obtained, 
that cryopreservation in a K-2 mode is followed by the impairment/alteration of the state of Thy-1. 2 
structures, which is supported by a manifested decrease in the total amount of cells, sorpted on MAB, which 
comprises not more that 15% from the native or a K-l cryopreserved bone marrow. The calculations 
showed that the ability of Thy-1 .2 CFUs to interact with MAB after cryopreservation (K-2) was reduced 
even to a larger extent as compared with the whole fraction of Thy- 1 2.++ cells, thus comprising not more 
than 5-6% from the native control. However, in the given model penning-method provided for enrichment 
of the myelotransplant by CFUs by 2-5-fold. The results obtained support a possibility of applying pen- 
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ning-niethod for evaluating qualitative state of the cryopreserved my e lotranspla n t , namely, for identifying 
the availability of the receptor structures on hemopoietic cells, and testify to the applicability of this method 
for harvesting fractions of the cryopreserved myelotransplant, enriched with hemopoietic precursors. 
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5. E.Ovsyannikov 

ACTIVITY OF THE ENZYMATIC ANTI OXI DATIVE SYSTEM OF 
THE RAT LIVER AFTER ACUTE COOLING OF THE ORGANISM 

In the experiments on studying the intensity of lipid -peroxidation (LPO) in the time course of self- 
warming after acute cooling down to the state of profound hypothermia (RT of 19-20 °C) the liver 
homogenates of experimental animals demonstrated phase changes in the accumulation of malone d; al- 
dehyde. The maximums of a rise in. the LPO level were observed in 3 and 24 hours after cold exposure. 
One of a possible explanations of the LPO activatioiKmay be a reduction in the activity of a glutathionc- 
dependent enzymatic system of' the cells. This is confirmed by a change in the content of the reduced 
glytathione (GSH) in the hepatic tissue (a reduction by approximately 26-27% in 3 and 24 hours of 
self-warming), observed in the same scries of experiments, which was also of a phase-like nature, though 
its direction was opposite to the changes in the LPO intensity. Since basic enzymes, utilizing 
hydroperoxides of the unsaturated fatty acids, arc NADP-dependent, a rise in the LPO intensity may 
occur due to a reduction in the supply of the protective antioxidativc system of the cell with the reducing 
equivalents. Judging from the above, with the aim of revealing more subtle mechanisms of the LPO level 
regulation in the warm-blooded organism during a post-cold period the author decided to conduct a study 
of the activity of a glutathione-dependent antioxidative system and the system of NADH recovery. In the 
given series of experiments male Wistar rats with the body weights of 200-220 g were cooled in the process 
of free swimming in water with the temperature of 7 °C down to the RT of 1 9-20 °C. Slaughtering of ex- 
perimental animals was done in 3 and 24 hours after self-warming. Intact rats were used as control. In the 
liver homogenates, prepared on 100 mM tris-IICI buffer (pH 7.4, a tissue/buffer ratio was 1:3), the author 
determined glutathione peroxidativc, with H2O2 and with cumole hydroperoxide (GSH-peroxidase), 
glutathione-S- transferase (GSH-S-transferase) and glutathione-reductase (GSH-reductase) activities 
[2] . The rate of NADP* restoration in the same homogenates was judged upon by the activity of mala te 
dehydrogenase (MDG) (3], glucoso-6-phosphate-dchydrogenase (G-6P-DG), 6-phospho-gluconate- 
dehydrogenase (6P-G-DG) [4] and isocitrate-dehydrogenase (Ic-DG) [5]. 

Table 1 

Activities of some GSH-dcpcndent antioxidativc enzymes (nmol substrate/ 1 mg protein/1 min) in 



the liver homogenates of rats after acute cooling 


Sx±x; rt+5-7) 


Enzymatic activity 


Time of self-warmin 


t.h 


Control 


3 


24 


GSH-peroxidative with H 2 0 2 
GSH-peroxidative with cumole hydroperoxide 
GSH-S-transferase 
GSH-reductase 


49,9±5,4 
213,6*11,3 
719,8±54,5 

44,9±4,8 


36.4±1.8* 
194,8±13,2 
753,9±45,5 
56,7 ±1,03" 


32,7 ±1,2" 
180,6±30,2 
671,8±79,8 
58,5±5,2* 



Note: * - p <0. 1 ; " - p < 0.05 as compared with control. 

Less pronounced changes occurred under the given experimental conditions in the system of 
NADP + recovery (Table 2) . Among the investigated enzymes the author observed only a tendency towards 
reducing (p) the activity of Ic-DG, while the values of activity of MDG, G-6P-DG, 6P-G-DG did not 
differ from the indices, registered in control animals. The results obtained nicely correlate with the data 
published elsewhere. For example, some authors fj] report on the tendency towards reduction in the 
peroxidative activity in 24 hours and a rise in the glutathione-reductase activity in 2 hours after exposure 
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decrease by the 24th 
hour in the livers of the rats, exposed to 
low temperatures in cold chamber at - 
12-27 C for 4 hours (RT remained 
unchanged). These authors believe 
that activation of GSH-reductasc at the 
initial stages of cold exposure is a com- 
pensatory response to a reduction in the 
content of GSH in the cell. A decrease 
in its activity at the relatively remote 
of self-warming is indicative of 
nsolvency of this system of 
sration of recovered glutathione 



Table 2 

Activity of NADPH-dependent dehydrogenases (nmol 
NADP/1 mg of protein/ 1 min) in the liver homogenates or 
rats after acute cooling 



Enzymatic 


Time of self-warming 


hours 


activity 


Control 


3 


24 


MDG 


18.3+2.1 


18.2+0.8 


15.8±2.2 


6P-G-DG 


8.1±1.0 


10.1 ±2.9 


9.5±1.5 


G-oP-DG 


13.4+1.1 


13.9±4.5 


12.1±4.0 


Ic-DG 


226.0±32.6 


157.0+15.7* 


173.5±29.7 



Note: * - p < 0. 1 as compared with control. 

Thus, considering the fact on the absence of pronounced changes in the activity of NADP + -reducing 
as well as taking into account a considerable reduction in the content of reduced glutathione in 
the liver tissue under the given experimental conditions, it may be assumed that the weakest link in the 
glutathione-dependent system of utilizing hydroperoxides of the unsaturated fatty acids is reparation of 
glutathione. Nevertheless, a probable depletion of glutathione-dependent antioxidative system, which oc- 
curs due to the insufficient rate of NADP recovery, cannot be excluded. Further detailed studies are re- 
quired to answer this question. 
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G.A.Bozhok, S. V. Rudenko, V . A. Bondarenko 

SUSCEPTIBILITY OF SUBPOPULATIONS OF RED BLOOD 
CELLS OF DIFFERENT AGE TO POSTHYPERTONIC HEMOLYSIS 

A model of RBC injury during slow frecze-thawing may be a process of their posthypertonic lysis 
[6J. Transfer of RBC from hypertonic into isotonic medium results in the injury of their erythrocytic 
membrane and lysis, which was termed as posthypertonic. The data reported elsewhere (5, 9) support an 
important role of the composition of the hypertonic and isotonic solutions, time of exposure of RBC in them 
and original tonicity, after which the cells were exposed to hypertonic treatment by means of dialysis [7J 
or freezing and subsequent thawing [5] . In the course of PL the average volumes of the cells are increased 
as compared with the physiological value, however, the rehydrated cells respond differently, since the 
curves of the volume distributions testify to the existence of two subpopula lions of RBC: swollen and those 
which remained normal [8) . Such a behaviour of the systems corresponds to the response of the type «all 
or nothing*, which is known for certain phenomena, when a selectively acting factor is unequally dis- 
tributed among the cell in the whole population. Varying degree of the RBC susceptibility to dehydration 
is supported by the fact that experimental treatment, modelling the processes of freeze-thawing, results in 
hemolysis of only part of the cells 15-9). The given reasearch deals with the study of a hypothesis, ac- 
cording to which different resistance of RBC in the course of PL may relate to the inner heterogeneity of 
the total population of cells, which is manifested in different value of their density, which correlates with 
the age of cells { 1 , 2] . The donor blood RBC were thrice washed in physiological saline ( 1 0 mM fris-HCI, 
150 mM NaCI, pH 7.4) and fractionated in a multi-stge Ficoll gradient (Ficoll-400, Pharmacia). Ficoll 
was dissolved in physiological saline, and the densities of thus prepared solutions were in the range of 1 .04 
to 1 . 1 2 g/cm 3 ; 6 ml of these solutions were placed laycr-by-layer in a centrifuged vial for obtaining 4 stages 
of a Ficoll gradient, and 1 .6 ml of a carefully dissolved RBC suspension were placed on top. Ccntrifugation 
took place at 350 g for 4 min at room temperature. The obtained subpopula tions of RBC of varying density 
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Table 1 

of the eryhtrocytic fractions, obtained 
during centrifugation in Ficoli gradient 



Fraction 




Hb/Hb 0 


v/v„ 


Number of 
cells in the 
fraction, % 


TEM 


1 


1 


1 


100 


1 


1.21 ±0.08 


1.1 ±0.08 


1.01 ±0.01 


33.2 


2 


0.91 ±0.1 


0.98±0.02 


0.99±0.01 


55.6 


3 


1.08±0.11 


1.10±0.07 


1.00±0.01 


12.7 


4 


0.85±0.12 


0.88±0.07 


0.98±0.01 


1.5 



were taken from every layer of the 
gradient and twice washed in physiologi- 
cal saline. Ten fi\ of suspension of every 
subpopulation were placed into distilled 
water or cyan methemoglobin reagent for 
determining, respectively, the content of 
K* ions or hemoglobin in the cells. Testing 
the susceptibility to PL involved by expos- 
ing 10/jI of RBC suspension in 1 ml of the 
hypertonic sucrose solution (1.2 M) or 
NaCl (1.5 M), pre-heated up to 37C or 
cooled down to 0C, for 15 min at 37C and 
90 min at 0C. Then 10/41 of the cell 
suspension were tra nf erred into 1 ml of the 
isotonic sucrose or NaCl in the presence or 



Note: the content of the K-ions (K), hemoglobin (Hb), 
average cell volume (V) are given with respect to the 
corresponding parameters in TEM. 

absence of the cations Zn 2+ and Ca 2+ with subsequent exposure for 5 min at room temperature. The ob 
tained samples were centrifuged at 600 g for 3 min. After that the extent of the cell hemolysis was deter 
mined spectrophotometrically with a wavelength of 415 nm. The average volumes of the cells of the total 
erythrocytic mass (TEM) and subpopulations were measured with a Coulter-counter with the sensor 
orifice of 50 pm and the length of 50 f*m, using a current of less than 0.3 mA. Centrifugation in the multi- 
stage FIcoll gradient permitted to obtain 4 fractions of RBC. Table 1 shows some parameters of the cell 
fractions, measured as the relative units in comparison with the corresponding values of the non-frac- 



Table 2 

Level of PL (%) after incubating TEM 
and fractions in the hypertonic solutions 
of NaCl and sucrose for 15 min at 37 °C 
and 90 min at 0 °C and subsequent 
rehydration in the corresponding isotonic 



Though erythrocytic fractions were of different 
densities, the values of the parameters were similar, with 
a tendency towards increasing the volume, the content of 
K* and hemoglobin in fraction 1 , and reduction of the fea- 
tures in the last fraction. These data correlate with the 
other results, where Ficoll and Percoll were used as the 
gradient carriers [1]. Table 2 shows the proportion of 
hemolysis after incubating RBC in the hypertonic solution 
"and transferring them into isotonic conditions. Equilibra- 
tion of cells in the NaCl solution is characterized by a 
higher proportion of hemolysis as compared with the 
sucrose medium, however, this effect was also evident 
both in control and fractionated samples, and the extents 
of the RBC hemolysis were similar to every medium with 
a minor tendency of reducing hemolysis in fraction 1. 
Lowering of the temperature of the hypertonic medium 
down to 0C the level of PL was significantly reduced, 
despite prolongation of the time of exposure up to 90 min. the experiments conducted showed that the 
factor of temperature much higher determined the RBC susceptibility to posthypertonic injury in contrast 
with the criterion of cell separation in Ficoll gradient. It is known that divalent cations Ca 7 * and Zn 2 * 



Fraction 
number 


Posthypertonic lysis, % 


1.2 M sucrose 


1.5 


M NaCl 


0°C 


37 °C 


0°C 


37 °C 


TEM 
1 
2 
3 
4 


2 


24 
20 
24 
25 
24 


15 


85 
79 
84 
86 
83 



£ too 




I 5 IS 15 20 15 30 
Concentration of Ca, Zn 

Effect of divalent cations Ca 2 * mM (1 , 2) and Zn 2 * 
ftM (3, 4) on the posthypertonic lysis of total 
erythrocytic mass (2, 3) and third fraction (1,4). 
The RBC were incubated for 15 min in hypertonic 
solutions of NaCl (closed symbols) and sucrose 
(open symbols) and rehydrated in the correspond- 
ing isotonic solutions in the presence of the above 
concent 
hire 



significantly affect the extent of PL [8] . Fig. 1 shows 
the dependence of the level of PL, obtained for frac- 
tion 3 and non-fractionated blood, on the co-con- 
centrations of the ions Ca 2 * and Zn 2 * In the 
rehydration medium. A rise in the concentration of 
Ca^ stimulates PL of the cells, dehydrated in the 
hypertonic sucrose solution, but It exercises an op- 
posite action on the cells, incubated in the hyper- 
tonic NaCl. The ions Zn 2 * produce a similar activa- 
tion effect on PI of the cells, dehydrated in sucrose, 
and do not affect PL of the cells, treated with the 
hypertonic NaCl. From the first glance these data 
contradict to those obtained earlier, when PL of 
RBC was inhibited by the same ions [8]. It was 
found, however, that the direction of action of Ca 2 * 
and Zn 2 * is dependent on the following factor: 
whether the ion is present in the rehydration medium 
from the very beginning or it is added to it after the 
cells are transferred into the medium. Thus, a PL- 
activating influence of cations Zn 2 * and Ca 2 * was 
used for determining the nature of the Injury to RBC 
from various subpopulations during dehydration- 
rehydration. It was also found that non-fractionated 
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blood and all the subpopulations demonstrated similar reactivity towards the action of cations, as it is shown 
in Fig. 1 for the third fraction. Dehydration at OC not only significantly reduces the portion of PL, but also 
eliminates the activating and inhibiting action of divalent cations. Neither Ca 2+ , nor Zn 2+ under the given 
conditions change the level of PL under the given conditions as compared with the control level (the data 
are not submitted). Hence, the results obtained demonstrated that susceptibility of RBC to PL is not deter- 
mined by the parameters, according to which they are separated in the density gradient. It other words, 
even.- cell fraction contains approximately equal amount of cells, which are potentially capable for swelling 
and lysis after their transfer from the hypertonic into the isotonic medium. The type of treatment 
(electrolyte content of the dehydrating medium and temperature) is the most important for alteration of 
the RBC properties in the process of PL. It is known that a long-term deformation of a membrane-skeleton 
complex results in the shift of a dimer-tctramcr equilibrium of spectrin towards formation of oligomers, and 
this process is of a manifested temperature dependence 1 3] . In fact, cell exposure to hypertonic conditions 
corresponds to a similar membrane deformation. Besides, a rise in the concentration of hemoglobin and 
cytoskcletal proteins in the dehydrated RBC facilitates oligomcrization of spectrin [4]. Lowering of 
tempera ture and shortening of incubation reduce both the ability of spectrin for self-association [3, 4] and 
PL. Apparently, «prolytic» changes in the Interactions of the cytoskelctal-mcmbrane protein components 
of RBC are responsible for varying susceptibility of cells of the total erythrocytic mass to PL. 
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